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ABSTRACT 
This research models the effects of land management practices and policies on 
overland flow within the Little Beaver Creek watershed, Iowa. The research was conducted 
because of the concerns of local residents and members of the Iowa Army National Guard. 
Their concerns include flooding and erosion due to increasing urbanization within the Little 
Beaver Creek watershed. Modeling addressed the effects of increased urbanization on water 
quantity within the watershed. 
The effects of urbanization on water quantity were modeled using two hydrologic 
models, TR-55 and TR-20. The models were developed by the USDA Natural Resources 
Conservation Service to estimate overland flow and peak discharge rates of selected rainfall 
frequencies. The TR-20 model was used to estimate the overland flow of four land cover 
condition scenarios: historic land cover maps and data, current land cover, and two 
residential suitability models. The residential suitability models were created utilizing 
residential development suitability criteria developed by the City of Johnston and by the 
Dallas County Conservation Board. Field research was completed to gather pertinent stream 
channel data: cross-section elevations, cross-section area, channel conditions, photographs, 
and flow velocity. 
The results of the overland flow and peak discharge modeling suggest the 
predominant alterations of the Little Beaver Creek stream network are currently taking place 
due to extensive agricultural use within the watershed. The modeling results were used to 
compare the hydraulic capacity of each stream channel to the TR-20 peak discharge 
estimates based on the current land cover conditions. The hydraulic capacities of specific 
stream channels were insufficient to carry the estimated peak flows during rainfall events 
Xll 
greater than a 5-year storm for three stream segments. The current land cover condition 
scenario results show a dramatic increase in estimated overland flow and peak discharge 
(3,075 cfs) for a 25 year 24-hour rain event compared to the historic (2,107 cfs) and 
residential suitability model scenarios (2,309 cfs, 2,337 cfs). The results of the TR-20 
analysis suggest that residential development may mitigate increased overland flow and 
higher peak discharges. The results of the residential suitability modeling and TR-20 
modeling provide information for altering and developing management practices and policies 
(for example, agricultural riparian buffers and rezoning) within Little Beaver Creek 
watershed. 
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CHAPTER 1. INTRODUCTION 
Introduction 
Development within the Little Beaver Creek watershed has been a concern of 
residents and the Iowa National Guard at Camp Dodge (Vangundy 1999). An appropriate 
development approach needs to be established to ensure the health of the Little Beaver Creek 
watershed. 
Within the Beaver Creek watershed, development occurred at a rapid rate during and 
after World War I (Anderson 1999, p. 3). This development within the Beaver Creek and 
Little Beaver Creek watershed was temporary. Camp Dodge facilities were deconstructed 
after the war and removed. However, the expansion of cities and towns to the south of Little 
Beaver Creek watershed is not temporary. The Des Moines metropolitan area was divided 
by the Planning and Zoning board into 16 districts. Each district includes areas annexed 
within the past five years, which has expanded district boundaries. The annexations have 
met fierce competition between districts as well as residents and government (Lazano 1999). 
The incorporated areas keep spreading farther and farther away from the city's central core 
and established tertiary cores (see Appendix 2-1). There are tertiary cores incorporated into 
each district, which include a higher percentage of commercial uses. The tertiary cores are 
usually described as secondary business districts that become established in suburb areas. As 
the incorporated boundaries expand, the urban fringe expands constantly. 
The development of the urban fringe can be costly~ Homes are increasing in size and 
living space, manicured lawns are often a must, and development may not take into account 
the ecological functions of the environment (Resina 1999). Not only does the development 
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today cost more monetarily, it is impeding the efforts of those who strive to ensure a healthy 
natural environment. 
Purpose of the study 
The objective of every research endeavor is to gain more insight and knowledge. My 
objective for this study was to provide substantial insight concerning future residential 
development within the Little Beaver Creek watershed. My research studied the effects of 
increased urbanization on water quantity within the Little Beaver Creek watershed. There 
are groups and individuals who are interested in, as well as concerned about, residential 
development within the Little Beaver Creek watershed. The groups and individuals may be 
interested in different aspects of the study results. However, each group or individual may be 
looking for a course of action that is profitable, responsible, and conducive to the natural 
environment. These groups or individuals include city planners, county planners, county 
conservation boards, government agencies, real estate developers and Little Beaver Creek 
residents. 
City planners are concerned with a city's future as well as the city's current situation. 
Predictive modeling of landscape treatments and development scenarios provide city 
planners with insight, which aid them as they make decisions and establish residential 
development policies within the Little Beaver Creek watershed (Lazano 1999). 
County planners have many of the same concerns as the city planners except with a 
broader focus. The county planners are concerned with the spatial and ecological conditions 
within the entire county. They make decisions that are based on the interface and inter-
relationships between cities and the rural areas between. 
County conservation boards that are active within the Little Beaver Creek watershed 
area continually address issues of runoff, water quality, and habitat quality (Vangundy 1999). 
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Descriptive modeling of the Little Beaver Creek watershed informs conservation board 
members of trends in habitat changes. 
There are several governmental agencies and groups that are active within the 
Little Beaver Creek watershed. The Department of Natural Resources is one of several 
agencies that are at least responsible, if not concerned with the ecological health within the 
Little Beaver Creek watershed (Agena 1999). The Iowa Department ofNatural Resources 
recently acquired 100 acres of property through the Developer's Realty Group to establish a 
conservation area within the Little Beaver Creek watershed (Resina 1999). Modeling future 
development scenarios informs the agencies which areas are prime development areas within 
the watershed. The implementation of development policies will help ensure the ecological 
health of the watershed as a whole. 
Developers are interested in the proximity of prime development areas to existing 
development. Minimizing the cost of development ensures more profitability. The 
proximity of natural resources is also of interest because of their role in development 
amenities that cater to the wants of potential buyers (Interest in the development of the area 
will only increase )(Resina 1999). Real estate developers look for areas that will provide 
opportunity for diversity upgrades. Including diversity within a development plan will 
increase the cost due to zoning. Those costs will be regained in the long run. 
Residents of the Little Beaver Creek watershed may be aware of the resources within 
the Little Beaver Creek watershed. The knowledge· of what is present within and around 
their communities give them a reason to help protect their watershed. This study modeled 
the effects (such as flooding) of future development on the watershed. The modeling allows 
residents to see the potential effects of development for their own properties. Residents may 
also be interested in making changes within their own communities. There are several 
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residents that believe there is a moderate concern about current flooding conditions within 
Little Beaver Creek watershed. Several residents are concerned because they believe the 
effects of residential development are evident on their own property. The modeling of 
different'landscape treatment scenarios shows residents what type of landscape treatment will 
decrease runoff, lower flooding potential, and increase environmental quality. 
Demonstrating the capabilities of the GIS tools aids others in their research. It may 
illustrate an alternative to other software that may not fully meet their needs. It is critical to 
be aware of the limitations and capabilities of software. The modeling procedures used in 
this research are of value to other researchers as well. Experimenting with new procedures 
does not always produce good results. Prior knowledge of what modeling procedures work 
and which ones fail enables a researcher to move forward more efficiently. 
The results of this research are applicable for university-level landscape architecture 
studios. The processes as well as the results provide valuable insight to students in studios 
involving site suitability and watershed planning. 
Statement of the problem 
The residential development in the Little Beaver Creek watershed affects surface 
water quantity, which can result in negative environmental impacts. This statement was the 
basis of the problem guiding the current research. The problem that this research addressed 
was the increased demand on storm water management systems, which can lead to increased 
construction costs and loss of wildlife habitat. 
Statement of objectives 
This research has nine major objectives: 
1. Determine the ecological characteristics of the past and present landscape 
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in the Little Beaver Creek watershed. 
2. Compare the ecological characteristics of the Little Beaver Creek 
watershed with the surroW1ding watersheds. 
3. Analyze the data to determine which areas are appropriate for incorporated 
development. 
4. Model future development patterns within the Little Beaver Creek 
watershed. 
5. Determine three future development scenarios. 
6. Develop three scenarios depicting landscape treatment during and after 
future development. 
7. Model each scenario for future development paired with depicted 
landscape treatment. 
8. Analyze the data to determine the performance of landscape treatments on 
each determined development scenario. 
9. Analyze the data to compare the performance of each landscape treatment 
on the three determined development scenarios. 
The needed data consisted of climatic, geometric, and physical features. The climatic 
factors included evapotranspiration rates and rainfall. Rainfall factors included rain intensity, 
duration, time distribution, areal distribution, and geographic location. The geometric data 
consisted of watershed drainage area, channel shape, and channel slope. The physical 
features included land use (cover), existing management systems, and surface infiltration 
condition. Related data consisted of estimated costs of land management system 
installations. 
GIS data layers were used in the descriptive and predictive modeling. The data layers 
were obtained from three sources. The majority of needed GIS data layers were downloaded 
from Internet sites and an Iowa State university FTP site, k.2.gis.iastate.edu. The existing 
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management system information was obtained from the city of Johnston, Dallas County and 
Polk County agencies. 
The GIS data layers were accessed through the Internet. The data were 
downloaded at the Iowa State GIS research lab. The data were then transferred from the 
database <?f the research lab computer to my own computer. Some data were digitized 
specifically for this research because they were not already in digital form. The associated 
cost of proper management systems was obtained through published texts. 
Research hypotheses 
The following four research hypotheses apply to the Little Beaver Creek watershed 
study area. 
1. More than twenty percent of the study area changed land cover within the 
last six decades. 
2. For every 4 acres of agricultural gain, 3 acres of timber were removed 
during the last decade. 
3. Residential suitability increases with distance from streams. 
4. Appropriate mitigation techn~logies can reduce the negative impacts of 
residential development on water quantity. 
The current research was guided by several assumptions. The first assumption was 
that the environment is complex and constantly changing, which limits the accuracy of data 
on environmental characteristics. Another assumption was that developers, city mangers, 
and government agencies are interested in the condition of the environment before and after 
developing it. The third assumption was that Johnston, Grimes, and Granger would continue 
to increase in population resulting in continued residential development within the Little 
Beaver Creek watershed. The need for determining an environmentally sensitive approach 
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for the residential development within the Little Beaver Creek watershed was the fourth 
assumption. The fifth assumption was that developers, city managers, and government 
officials are interested in an environmentally sensitive residential development approach for 
Northwest Polk County, which includes the Little Beaver Creek watershed study area. The 
existence of a cumulative effect by development on surface water quantity and displacement 
was the sixth assumption concerning hydrologic processes. This research was guided by 
three major goals: 
1. Determine the impacts of increased surface runoff on residential 
development within the Little Beaver Creek watershed. 
2. Develop at least three future residential development scenarios within the 
Little Beaver Creek watershed. 
3. Construct a development approach for the Little Beaver Creek watershed. 
Definitions of terms 
Aquifer Recharge. The process of addition of water to a subsurface zone in which all 
the interstices or voids filled with water under pressure greater than that of the atmosphere 
(SmithI989, p. 300). The flux of water from the unsaturated zone to the saturated zone 
that serves to replenish the aquifer (Parlange 1999, p. 336). 
Coverage. An Arc View or Arclnfo data layer which may include a shape file, arc 
coverage, grid, or tin. (ESRI 1996, p. 48) 
Environment. The aggregate of surrounding things, conditions, or influences 
(Global 1999, p. I). 
Hydrology. Analysis of physical behavior of water from its occurrence as 
precipitation through its movement on or beneath the earth's surface; to its entry into sewers, 
streams, lakes, and the oceans; and its return to the atmosphere (Walesh 1989, p. 2). 
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Infiltration. The downward movement of water in soil by a gradual wetting of small 
particles in which the moisture is pulled by capillary forces from wetted to dry grains or rapid 
flow under the influence of gravity through the larger openings between particles 
(Leopold 1997, p. 14). 
Mitigation. Steps taken to avoid or minimize negative environmental impacts. 
Mitigation can include avoiding the impact by not taking a certain action; minimizing the 
impacts by limiting the degree or magnitude of the action; rectifying the impact by repairing 
or restoring the affected environment; reducing the impact by protective steps required with 
the action; and compensating for the impact by replacing or providing substitute resources 
(Life 1999, p. 1). 
Runoff. The movement of surface water down slopes in thin films and tiny streams 
that exceed in quantities surface storage and the infiltration rate (Blank 1965, p. 9). 
Sediment. Solid particles accumulated from the scouring, erosion, and dissolution of 
materials of a riverbed (Smith 1989, p. 300). 
Storm water management. Developing a comprehensive program defining the 
location, condition, connectivity, material, and associated attributes of a storm water system 
in order to reach management goals (Tacoma 1999, p. 1-1 ). 
Surface Water. The water above the surface of the lithosphere (Keller 1988, p. 37). 
Urbanized Watershed An area in which all or part of the watershed will be covered 
by impervious structures, such as roads, sidewalks, parking lots, and houses. 
(Soil Conservation Service 1975, p. 3) 
Water Management. The planned development, distribution and use of water 
resources (Onelook 1999, p. 1). 
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Water Budget. An accounting of the inflows to, the outflows from, and the storage 
changes of water in a hydrologic unit or system (Nevada 2000, p. 1). 
Watershed management. The process of formulating and carrying out a course of 
action involving the collection of resources in a watershed to provide goods and services 
without adversely affecting the soil and water base. Usually, watershed management must 
consider the social, economic, geologic, ecological, and institutional factors operating within 
and outside the watershed area (Sheng 1990, p. 30). 
Research process 
The research process in this thesis relies on the knowledge of the past and existing 
conditions of the watershed. The knowledge and information obtained provides the 
opportunity to analyze available alternatives of residential development and specified 
landscape treatments. The use of proper analysis techniques will provide an empirical 
measure to estimate the cumulative overland flow and compare the effects of different 
landscape treatments within a watershed. The hydrologic analysis of the alternatives 
provides insight into the ramifications of future actions and decisions. 
Thesis organization 
The thesis includes five chapters. Following this chapter is a brief description of 
watershed management techniques and the effects of urbanization. Chapter 2 also describes 
the models and techniques used to model watersheds with Geographic Information Systems. 
Specific examples are described and categorized using a GIS classification model. Chapter 3 
includes details of the study area and watershed. A description of the tools and procedures 
used to make analyses and models are also included in Chapter 3. The results of the tools 
and procedures utilized in the previous chapter are presented in Chapter 4. The prescriptive 
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residential modeling and predictive hydrologic modeling results are included in Chapter 4. 
The conclusions and recommendations for further study are presented in Chapter 5. 
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CHAPTER 2. LITERATURE REVIEW 
Watershed management 
Deflnition 
Watershed management is the process of formulating and carrying out a course of 
action involving the collection of resources in a watershed to provide goods and services 
without adversely affecting the soil and water base. Usually, watershed management must 
consider the social, economic, geologic, ecological, and institutional factors operating within 
and outside the watershed area (Sheng 1990, p. 3 ). Watershed management is considered 
successful when the established goals or objectives are achieved. Heathcoate (1989, p.10) 
describes three objectives that exemplify successful watershed management. The three 
objectives include the following: 
• Allows an adequate supply of water that is sustainable over many years 
• Maintains water quality at levels that meet government standards and other 
societal water quality objectives 
• Allows sustainable economic development over the short and long term. 
Watershed management has had its successes and failures in the past. Some 
watershed management attempts failed because of the lack of initiative or cooperation 
between agencies, lack of financial support, or the lack of encompassing the entire 
hydrologic system (Gupta 1989, p. 9). An attempt has been made to incorporate an 
"integrated" management approach into watershed management plans. Developing a 
successful management plan can be difficult. Using an integrated management approach 
necessitates the involvement of key agencies, effective use of manpower, and several 
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alternative methods to deal with existing and developing problems within the watershed 
(Heathcoate 1989, p. 11). 
The development of an integrated management plan is ongoing. The management 
plan should be continually revisited for several decades to look for the present trends and 
how the management plan addresses those changes. The initial and continuing input of the 
residents within the watershed is crucial and is yet to be established. The management plan 
should include every perspective possible regardless of culture, beliefs, geographic location, 
profession, and so on. The integrated watershed management approach encompasses the 
entire hydrologic regime without neglecting the existence of interrelationships between 
different elements of the watershed. There are relationships between the biota and fauna, 
flora and fauna, surface runoff and flora. The integrated management approach attempts to 
assess and analyze a watershed based on the existence of these types of interrelationships. 
This type of approach is dependent upon the interaction of the environment within the 
watershed; therefore, it is ecosystem dependent (Heathcote 1998, p. 9). If the watershed 
contains a large area, the management perspective may need to be altered. The larger 
watersheds may contain several ecosystems within different eco-regions. The development 
of the integrated management plan should be based on the eco-regions as well as the 
occurring ecosystems. 
Eco-region boundaries 
One of the most common ways of describing the context of a watershed is by the 
surrounding eco-region. There are several techniques used to determine eco-regions and eco-
region boundaries (McMahon 1998, p. 889). 
There are different techniques that are favored by researchers. Each technique is 
dissimilar in method and some techniques are similar in approach. Some techniques rely 
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on quantitative analysis. The other techniques rely on qualitative analysis. The quantitative 
techniques require the researcher to seek data that is analyzed to determine eco-region 
boundaries. The qualitative technique requires data that is analyzed by experts who are 
relied upon to determine eco-region boundaries (McMahon 1998, p. 889). McMahon 
determined that there are two general approaches for drawing eco-regions. An explicit rule-
based approach identifies controlling factors that provide a process-based rationale. A 
qualitative approach uses multiple thematic maps and expert opinions to determine which 
factors are related and are of significance (McMahon 1998, p. 889). Using either approach 
relies on the qualifications of the researcher to determine the location of the eco-region 
boundaries. Which approach the researcher will use depends on the researcher's definition of 
eco-region. McMahon states, "an eco-region identifies area, or settings, that are relatively 
homogeneous in characteristics related to land use, physiography, and soil drainage 
characteristics" (McMahon 1998, p. 887). 
Eco-region boundaries seem indiscriminate unless they are determined by ecological 
factors alone. The ecological factors may include geological aspects, vegetation, land cover, 
hydrology, soil drainage, and so on (McMahon 1998, p. 889). The relationship between 
factors may be relatively simple. The relationships may also be very complex, depending on 
how may factors used and how complex the factors are before determining their relationship 
to each other. The relationships of the factors can be analyzed, then used as the primary 
information for determining eco-region boundaries (McMahon 1998, p. 887). The researcher 
determines which factors are chosen for the analysis. The researcher may weight the factors 
or analyze them un-weighted. Determining a weight for each factor assigns an importance to 
each factor in relation to other weighted factors. This process allows the researcher to 
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determine on what information the eco-regions should be based (Omernik 1995a, p. 120). 
Larson used factors that they determined as a hydrologic landscape. The factors chosen were 
land cover, soil, drainage, and slope. They determined categories, which described their idea 
of a hydrologic landscape. Their categories (McMahon 1998, p. 893) included the 
following: 
Agriculture/ Coastal Plain/ Medium-drained 




Agriculture/ Piedmont/ Medium-drained 
Agriculture/ Piedmont/ Well-drained 
Instead of relying on weighted data, a researcher may use the qualitative approach. The 
researcher may determine, by knowledge or expertise, which areas pertain to each eco-
region. The researcher determines what the eco-region boundaries should be and uses the 
data as support to explain their rationale. After determining the eco-region boundaries, the 
eco-regions can be analyzed as separate entities within a watershed. 
Eco-region boundary delineation can also be determined statistically using cluster 
analysis. Hargrove (2000, p. I) used a parallel computer to divide the conterminous 48 sates 
of the United States into 1000, 2000, 3000, 5000, and 7,000 eco-regions with relatively 
homogeneous values of elevation, edaphic, and climatic variables using an iterative 
multivariate clustering technique. The clustering technique has been used in simulation 
models to spatially extend the results of the simulation by reducing the number of runs 
needed to obtain the final output. Luxmoore and Hargrove based their eco-regions on 
multivariate clustering of 9 variables important to tree growth in three different groups. The 
three groups included: elevation, soil or edaphic factors, and climatic factors (Hargrove 2000, 
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p. 2). There are 9 variables accounted for within the three groups. The soil group is 
composed of 4 variables including the following: plant-available water capacity (which is the 
difference between field capacity and wilting point), soil organic matter, total Kjeldahl soil 
nitrogen, and depth to seasonally-high water table. The climatic group is also composed of 4 
variables including the following: mean precipitation during the growing season, mean solar 
insolation during the growing season, and degree-day heat sum during the growing season, 
and degree-day cold sum during the non-growing season (Hargrove 2000, p. 3). The 
statistical analysis of the input variable component factors showed that 3 variables explained 
98 percent of the variance. The first variable was associated with solar access and elevation, 
with relative influence of precipitation and water table depth. The second variable was 
associated with soil water, organic matter, and nitrogen. The third variable included the heat 
and cold sums produced by the climatic sub-group (Hargrove 2000, p. 6). 
The results of the statistical cluster analysis were compared against other eco-region 
delineated maps. The eco-region patterns derived by Hargrove and Luxmore were similar to 
the patterns delineated by Albert's Regional Landscape Units and Bailey's eco-regions of 
Wisconsin (Hargrove 2000, p. 7). 
Eco-region delineation is based on subjective criteria, which allows several different 
interpretations of appropriate criteria. There are numerous experts that have used different 
criteria for different purposes, including Kuhler, Holdridge (1947), Thomwaite, Koppen, 
Walter and Box, and so on (Hargrove 2000, p. 2) 
Watershed Assessment 
There are several components that determine the identifying characteristics of a 
watershed. Whether the watershed is primarily an urban or an agricultural watershed, the 
components will be the same. The components will be identical regardless of the primary 
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focus of the watershed management plan. Developing an assessment of the condition of a 
watershed takes time, effort and the appropriate data. The accumulation of relevant 
watershed data and information can be used to form a watershed inventory (Walesh 1989, 
p. 469; Heathcoate 1998, p. 15). The watershed inventory may consist of the following 
components: 
• Geology • Biodiversity 
• Hydrology • Demographics 
• Climate • Land use facilities 
• Water quality • Infrastructure 
• Water quantity • Soil conditions 
• Landforms • Flooding 
• Land use 
The conditions of watersheds in close proximity may be similar, but never the same 
(Burras 2000). The differences between watersheds provide the opportunity to develop a 
management plan based on the conditions of each particular watershed (Heathcote 
1998, p. 15). A close look at the watershed inventory is one of the primary steps in 
developing an integrated management plan. The groundwater flow vulnerability of a 
watershed can be determined by looking at the chemical and physical geologic conditions. 
The geologic conditions of a watershed include the presence of rechargeable aquifers, the 
stratographic history within the watershed and the dominant bedrock (Heathcote 1998, p. 15). 
The geologic composition within a watershed is closely linked with the hydrologic system. 
The hydrology within a watershed is unique to each watershed. Each watershed has its own 
drainage type, drainage density, cumulative river miles, types of streams (such as ephemeral 
or perennial), average slope, average peak discharge artd annual precipitation (Burras 2000). 
The hydrology within watersheds will be unique. However, the driving force behind the 
hydrologic system will not be unique. The hydrologic cycle is driven by solar radiation from 
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the sun and the resulting climate. The climate within each watershed is going to be different 
depending on several factors such as elevation, proximity to mountain ranges, geographic 
location and dominant wind patterns (Burras 2000). 
The current water quality is a critical element of concern that is included when 
developing a watershed inventory. The National Rivers Authority is an organization that lists 
water quality management as a priority in catchments planning scenarios (Heathcote 1998, 
p. 62). The goal of an integrated management plan is intended to improve the ecological 
health of the watershed including water quality. The water quality as well as water quantity 
can have an impact on the measures and methods adopted to improve the ecological health of 
the watershed (Heathcote 1998, p. 9). 
Analysis techniques 
There are several types of analysis techniques that are used to interpret a watershed 
inventory. The techniques range from broad interpretations to economically driven formulas. 
A relatively common method that is used for large-scale projects is the benefit-cost analysis 
(Heathcoate 1998, p. 260). 
The benefit-cost method is a formula that calculates the ,ratio of equivalent sum of 
benefits to the equivalent sum of costs for a project. The measures are not static and can use 
present and future worth or present and future loss. The discemable economic costs of a 
project can be defined by the effect of the project on some fundamental objective of the 
economy (Ray 1984, p. 9). The benefit-cost formula is based on minimizing the annual net 
costs such as construction and maintenance costs as well as maximizing the annual net 
benefits. The project resources are deemed as being used in the best way possible if the net 
impact is positive, or at least not negative. The method also does not include intangibles for 
some projects. Heathcoate states that there is controversy in using the benefit-cost ratio 
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because it does not always include intangibles within the calculations (Heathcoate 1998, 
p. 260). The intangibles are those nonrnaterial elements that cannot be assigned a monetary 
value. The intangibles may include the loss of a critically endangered fauna habitat, loss of 
cultural significance or the loss of a distinct and prominent viewshed. There are specific 
subsets of the benefit cost method that try to incorporate intangibles. 
The matrix display model incorporates the intangible effects of a project into the 
benefit and cost analysis. The model addresses different groups within a community and 
depends heavily on the exercise of judgment of decision makers and analysts (Schofield 
1987, p. 153). The matrix model measures numerous benefits and costs using expert analysts 
rather than pure financial or physical measures. The analysts and decision makers stay in 
close contact with the community and rely on the community consultation for making their 
final decisions (Schofield 1987, p. 153). The benefit cost methods that do not rely on 
analysts leave the expenditure decisions in the hands of the political process, where power 
and political relations rule in decision making (Maciariello 1975, p. 11). 
Water balance 
Definition 
A watershed has a distinctive interconnected hydrologic regime. Each watershed has 
its own water balance that summarizes the hydrologic system within its boundaries. A water 
balance is an accounting of the inflows to, the outflows from, and the storage changes of 
water in a hydrologic unit or system (Nevada 2000, p. 1). The term water balance is used 
interchangeably with the term water budget. 
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Calculations 
The water balance can be determined for different hydrological situations. The water 
balance can be calculated for large water bodies, large basin areas and for direct runoff 
(Gupta 1989, p. 53). In the first two cases, the water balance can be expressed as: 
P + Qsi + Qgi - E - Qso - Qgo - change in S - N = 0 
P = precipitation 
Qsi, Qgi = surface and groundwater inflow along the watershed 
boundary from the outside 
E = Evaporation including transpiration 
Qso, Qgo = surface and groundwater outflow along the boundary 
S = change of storage volume within the watershed boundary 
N = discrepancy term 
The discrepancy term has been added to the water balance equation because of component 
inaccuracy. The methods used to make measurements of precipitation; stream flow and 
evaporation are imperfect and allow slight inaccuracies that are accounted for by the 
discrepancy term (Gupta 1989, p. 59). The discrepancy term is an approximation that can be 
used to calculate a water balance based on past and present data. Using a discrepancy term 
allows calculation of large and small basins based on limited data (Gupta 1989, p. 59). 
Urbanization 
There is an abundance of literature related to urban development within a watershed 
and the effects of the development on the hydro logic system. The detrimental effect of 
poorly planned and managed development is a concern among current authors. There is a 
consensus embedded within the literature that the urbanization of the rural landscape has a 
dramatic impact on the hydro logic characteristics of the watershed. 
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Effects of urbanization on water quantity 
There is an abundance of literature that provides research results which include the 
calculated effects of urbanization on water quantity within a watershed. W alesh states, ''the 
usual hydrologic-hydraulic effects of urbanization are an increase in the volume of direct 
runoff, accompanied by a corresponding decrease in the volume of infiltration, accompanied 
by a corresponding decrease in the volume of base flow, and a decrease in runoff time 
(Walesh 1989, p. 57). The Soil Conservation Service research presented in the TR-55 
supported the decrease in runoff time. However, several studies have shown that gradual 
placement of culverts and detention areas within the watershed had favorable effects of 
reducing peak flows throughout the watershed (Walesh 1989, p. 58). 
Infiltration rate 
The increase in runoff has a negative effect on the infiltration rate by reducing the 
time available for precipitation to infiltrate. Infiltration rate is the rate of the downward 
movement of water in soil by a gradual wetting of small particles in which the moisture is 
pulled by capillary forces from wetted to dry grains or rapid flow under the influence of 
gravity through the larger openings between particles (Leopold 1997, p. 14 ). The alteration 
of a watershed will change its responses to rainfall events, which will affect the overland 
flow, interflow, and infiltration rates. Reduced infiltration rates are also among the most 
common effects due to the watershed's response to precipitation (Soil Conservation Service 
1975, p 1-2). A prolonged decrease in the infiltration rates can have short term or long-term 
effects. A decrease in volume of water for plant consumption and loss of shallow aquifer 
recharge would be short-term affects. A long-term effect would be the reduction of stream 
flow that could cause a perennial stream to become seasonally dry (Schueler 1987, p. 1.2) 
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Peakjlow 
The decrease in runoff time can affect the peak flow as well as the infiltration rate. 
The reduction in runoff time allows a large quantity of water to reach the mouth of the 
watershed outlet quicker. The increased velocity of the water will increase the peak 
discharge. W alesh concluded in a Boston, Massachusetts's hypothetical watershed 
development scenario that the peak flows after development was five times higher than 
before development. The calculations were obtained by applying the rational method 
(Walesh 1989, p. 58). 
The Resource Analysis Foundation also found an increase in peak rate and peak 
discharge due to an increase in water volwne. The Resource Analysis Foundation researched 
the effects of urbanization on small stream flow quantity and found that the increase in their 
study site was due to density of stream conveyance networks and the decrease in pervious 
surface within the watershed (Harley 1978, p. 2). The significantly higher peak rates of 
runoff are due to the decreased travel time as well as the decrease in infiltration. Travel time 
is determined by slope, length of flow path, depth of flow, and roughness of flow surfaces 
(Soil Conservation Service 1986, p. 1-1 ). The decrease in travel time also minimizes the 
time needed for evaporation and transpiration to occur. The decreased travel time, or lag 
time, is a function of three variables. Through extensive analysis of storm water 
management, Burton Becker found that the lag time could be expressed as a function of 
length, slope, and imperviousness that occurs within a watershed (Becker 1973, p. 14). The 
lag time is severely affected by urbanization. Anderson recorded that the effects of 
urbanization clearly affected the lag time more than any other hydrologic factor in a zoning 
floodplain study near Fairfax, Virginia (Anderson 1963, p. 69). 
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Overland flow 
Urbanization can cause a significant increase in runoff that flows through the 
hydrologic system in different ways. Runoff can be classified into several types including 
base flow, return flow, through flow and overland flow. Overland flow is the movement of 
surface water down slopes in thin films and tiny streams that exceed in quantities, surface 
storage and the infiltration rate (Blank 1965, p. 9). The overland flow or surface runoff is 
determined by soil type, soil moisture, antecedent rainfall, type of vegetative cover, 
impervious surfaces, and surface retention and roughness. The patterns of the overland flow 
are changed due to grading. After an area has been graded for development, the hydrologic 
patterns within that area are dramatically changed (Roberts 1989, p. 390). There is evidence 
that a relationship exists between rainfall event size and origin of runoff. The runoff 
accumulated during a small rainfall event comes primarily from the impervious areas. 
During a large rainfall event, the runoff accumulates from impervious and pervious areas 
(Soil Conservation Service 1975, p 1-2). During a rainfall event the velocity of the runoff 
can be considerably different after development. The cumulative effect of higher peak 
discharges, rapid time of concentration, and more impervious surfaces create conditions 
necessary to increase the overland flow dramatically (Schueller 1987, p. 1.3) 
Flooding 
The occurrence of flooding within the Little Beaver Creek vicinity will ultimately 
increase when development occurs (Vangundy 1999). The banks of the stream in their 
natural state will hold an intense rainfall within the stream channel periodically. When the 
watershed experiences development, the same intense rainfall produces a higher peak flow 
and overland flow volume that will fill the stream channel, then overflow past the banks 
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(Schueller 1987, p. 1.2). Schueller stated that a watershed in its natural state would 
experience bank full discharges one or twice every two years. A watershed that is 
moderately developed will experience bank full discharge as often as three or four times a 
year (Schueller 1987, p. 1.2). 
Stream geometry 
The impact of urbanization on the geometry of a stream can be significant. The 
introduction of a large pipe network may be implemented instead of keeping small streams 
intact. The velocity of the water flowing through the pipes is higher than the velocity of 
surficial overflow. Developing around an existing stream, whether perennial or ephemeral, 
will impact the stream itself as it adjusts and responds to the new hydrologic conditions. 
According to Schueler (1987, p. 1.2), the primary responses of a natural stream may include 
the following: 
• Adjustment to increased storm flow is channel widening 
• Elevation of the stream's floodplain must increase to accommodate the 
higher post-development peak discharge rate. 
• Streambanks are gradually undercut and fall into the channel. 
Relative humidity 
The relative humidity within a developed area can be altered due to the quick 
discharge and dissipation of precipitation as water vapor. During the day, the water vapor is 
relatively low within developed areas. At night, the water vapor is high compared to the 
periphery of a developed area because of the slow temperature drop during the night. The 
temperature drops slowly because of the slow release of absorbed heat by surfaces. Because 
the temperature is higher during the night within developed areas, the relative moisture 
percentage is lower. The percentage is lower because warmer air is able to withhold more 
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moisture. The U.S. Scientific Foundation found that the relative humidity could differ by 8 
percent during the summer and 2 percent during the winter (American Society of Civil 
Engineers 1974, p. 17). 
Temperature 
A climatic element that can be altered due to development is the air temperature. The 
presence of development can make temperature increase. The difference can be seen in the 
yearly annual mean temperature, which has been reported to change 0.5 to 2 degrees 
(American Society of Civil Engineers 1974, p. 16). There are several factors that can alter 
the air temperature, such as a smaller latent heat flux or energy fluctuations created by 
automobiles and factories. The dominant architecture and structural surface features can also 
attribute to the increased albedo and thermal conductivity within the urban area that has the 
potential to increase mean air temperature (American Society of Civil Engineers 1974, p. 17). 
The change in temperature can have an impact because it is interconnected with other 
climatic factors, such as relative humidity, that drive the hydrologic process. 
Wind speed 
Urban development affects wind speed within an urbanized area. The development 
of large buildings within an urban area can alter the movement of wind. The alteration of the 
dominant wind patterns is a result of the aerodynamic roughness of the buildings within the 
urbanized area (American Society of Civil Engineers 1974, p. 18). The buildings begin to 
block and alter the established wind_pattems within the.urban area. The U.S. Scientific 
Foundation has determined that urban development has the potential to decrease annual mean 
wind speed by 20 percent to 30 percent. The extreme gusts are also reduced by 10 percent to 
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20 percent due to urbanization according to U.S. Scientific Foundation (American Society of 
Civil Engineers 1974, p. 18). 
Modeling Watersheds with Geographic Information Systems 
The analysis of geographic data can be completed in several ways. The analysis of 
vast amounts of geographic data can be more difficult to complete. A robust personal 
computer with an adequate processing speed and memory are helpful in analyzing 
geographic data. Geographic Information System (GIS) technology has become an effective 
solution for analyzing large databases of information (DeMers 2000, p. 92). There are 
inherent risks when modeling a watershed unless the database is accurate and representative 
of the existing watershed. According to Singh (1995, p. 15), collection, storage, and 
manipulation of watershed data can be cumbersome for three reasons: 
1. Spatial nature of hydrologic data 
2. Large volume of data, and 
3. Organization of data 
The use of an interface with GIS and a watershed model allows a user the flexibility of the 
GIS and the functions of the watershed model. Singh believes the integration accomplishes a 
number of significant hydrologic functions, including the following: designing, calibrating, 
modifying, and comparing watershed models (Singh 1995, p. 15). The advantage of using a 
standard tested interface is the knowledge that the model will provide useful results if 
calibrated properly. 
Defmition 
There has not been a universally accepted definition of a geographic information 
system (Taylor 1991, p. 8). Taylor quoted a recent definition as "a system for capturing, 
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storing, checking, integrating, manipulating, analyzing, and displaying data which are 
spatially referenced to the earth" (Taylor 1991, p. 109). The majority of current definitions 
of GIS focus on the technical aspects including computer hardware and software. For 
example, Dangermond defined GIS as an organized collection of computer hardware, 
software, and geographic data designed to efficiently capture, store, update, manipulate, 
analyze, and display all forms of geographically referenced information (Pettersson 1992, 
p. 11 ). Burroughs also focused on the technical aspects in his definition of GIS. Burroughs 
(1986, p. 6) defined geographical information system as a powerful set of tools for collecting, 
storing, retrieving at will, transforming, and displaying spatial data from the real world for a 
particular set of purposes. There are accepted definitions of GIS that do not focus on the 
technical aspects of geographical information systems. Anderson (1980, p. 51) defined GIS 
as a combination of people, methods, data, and equipment to acquire, store, analyze, and 
communicate spatial data for decision-making. 
The term GIS also lacks universal acceptance. Terms such as land information 
system (LIS), urban information system, and environmental information system (EIS) are 
closely related to GIS. The term Geographic Information Science has been used 
interchangeably with the term Geographic Information Systems. Each term deals with 
spatial and geographical data that influence the terminology used (Taylor 1991, p. 5). 
Considerable effort has been made by experts to determine what definition of GIS is 
appropriate. That effort has gone unrewarded because no consensus has been reached. 
Function 
A geographic information system is not determined by data alone. A geographic 
information system needs to perform necessary functions. Ian Masser' s perception of GIS is 
that it is able to generate the following functions: geographical data entry, storage, analysis 
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and mapping more rapidly, inexpensively and accurately than traditional non-automated 
methods allow (Masser 1993, p. 318). The functions can be combined into various kinds of 
analytical models. The type of models may include transportation models, housing 
development suitability models, hydrologic models, and others (Pettersson 1992, p. 14). 
Each model has been created for a particular situation. Each GIS model describes 
characteristics and conditions of space and time through symbolic representation of 
locational properties [where], as well as thematic [what] and temporal [when] properties 
(Berry 1995. p. 26). For each type of situation there may be dozens of models from which to 
choose. 
Descriptive modeling 
Descriptive models use data to describe, "what is" or "what could be" in geographic 
terms (Tomlin 1990, p. 168). The descriptive model is a characterization of the direct 
interactions of system components to gain insight into system processes (Berry 1995. p. 26). 
Tomlin describes two techniques that are commonly used in descriptive modeling. The 
synthesis technique uses data represented in a particular context. The analytic technique 
decomposes data into finer levels of mapping. The technique refines the data so that the 
crucial element or elements are included (Tomlin 1990, p. 168). Prescriptive models can be 
created to express judgment, simulate processes, or provide effective description of 
geographic phenomena. 
Prescriptive modeling 
Prescriptive models are used as problem solving tools, as "an attempt to describe 
'what should be"' (Tomlin 1990, p. 168, 198). The Prescriptive model is a characterization 
of the direct and indirect factors related to system responses (Berry 1995, p. 26). Prescriptive 
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modeling analyzes data using various techniques. There are several techniques that may be 
used. The techniques and approaches used are based on the acquired data being used for the 
modeling process. Prescriptive modeling has been utilized to determine housing 
development suitability maps based on landscape features. The Boolean logic approach can 
be used to derive the presence or absence of a resource or condition for each data layer. The 
data layers are then analyzed to determine how many intersections of the desired conditions 
and resources exist. The Boolean Logic and Map Arithmetic approaches are commonly used 
for prescriptive modeling. GIS evaluation systems that utilize the Map Arithmetic approach 
have been developed to find the best sites for different development purposes. 
Land Use Analyst is a multi-category land use evaluation system. The Land Use 
Analyst is a software package that has been integrated into an Argus GIS environment. The 
Land Use Analyst uses AutoCAD or Arc View shape files including digitized zones, which 
are assigned a grade (numerical value) in relation to a certain criteria (Argusone 2000, p. 1). 
The criteria are also assigned weights based on a numerical scale. After each criterion has 
been weighted and each zone has been assigned, a grade the final calculation can be 
determined. The final calculation multiplies each criteria with its weight and sums the 
criteria at each point on the map. A calculated sum is assigned at each point on the map as a 
weighted grade (Argusone 2000, p. 3). The weighted grade is interpreted as the residential 
development suitability of the site. The higher graded weight value prescribes the most 
suitable areas for development. 
Predictive models 
The predictive modeling approach outside of the GIS environment are typically 
nonspatial because they ignore the spatial information collected about model variables. 
Predictive models developed in the GIS environment spatially interpret field data by using 
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techniques such as Kriging (Berry 1995, p. 2). With kriging, the field data is spatially 
interpreted as mapped variables. Each variable is assigned an average value or arithmetic 
mean. The average values area used to solve a mathematical model such as a regression 
equation. The results of the mathematical equation are used to define the variables as a 
prediction equation. The prediction equation allows users to make predictions about "what 
if' and "where" scenarios. For example, the Natural Resources Research Institute developed 
a predictive model to identify stream reach habitats most suitable for reintroduction of 
coaster brook trout in the Lake Superior basin (Natural Resources Research Institute 
2000, p. 1). 
The Natural Resources Research Institute (NRRI) developed the predictive model 
using field-collected data and existing spatial data layers. The field data of eight streams 
within the watershed was collected. There was a need to identify the watershed and 
landscape-scale attributes that were used to predict preferred coaster brook trout habitat. 
The watershed and landscape-scale attributes correlating with the existing coaster brook trout 
habitats were identified as physical habitat factors (Natural Resources Research Institute 
2000, p. 3). The physical habitat factors were included as variable in the predictive model. 
Spatial analysis of the GIS data was completed after the model variables were determined. 
Statistical analysis was performed to solve the mathematical model developed from the 
identified landscape and physical habitat factors (Natural Resources Research Institute 2000, 
p. 3). The results of the statistical analysis provided the NRRI with a prediction equation that 
can be used to predict potential locations for reintroduction of the coaster brook trout. 
Deterministic models 
Deterministic models use a direct evaluation of a defined relationship. The 
evaluation produces a model that can be used in a range of possible situations as a repeatable 
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solution (Berry 1995, p. 28). The American Forests group has developed a deterministic 
model to measure and calculate the economic benefits of urban trees. The American Forests 
group have developed the Urban Ecosystem Analysis model which has been used in several 
large metropolitan areas to calculate the benefits of urban trees (Urban Forestry 2000, p. 1) in 
terms of the following: 
• Air quality 
• Energy conservation 
• Storm water runoff reduction. 
The model utilizes aerial photos and satellite imagery within a GIS software to assess the 
relationships between landscape features and economic benefits. For example, there is a 
direct relationship between the vegetation leveVtype and direct shade for housing. The direct 
shade thus reduces the cooling bills for the housing unit based on the unit area (Urban 
Forestry 2000, p. 1 ). The GIS software analyzes the benefits of increased vegetation based 
on air quality, energy conservation and storm water runoff reduction as a repeatable solution 
(Urban Forestry 2000, p. 1 ). The vegetation level and types can be altered to repeat the 
analyses. The solution from the second analyses will be based on the same defined 
relationships between the landscape features and economic benefits. 
The urban Ecosystem Analysis has been used in the Atlanta metropolitan area in the 
spring of 1996. Aerial photos and satellite imagery were used to assess the value of the 
urban ecosystem based on an urban ecosystem analysis (Urban Forestry 2000, p. 2) of the 
following: 
• Impacts ofland cover change on water quality in adjacent areas of the 
Chattahoochee River 
• Changes in vegetation levels across the Atlanta metro area over the last 
20 years 
• Changes in the urban heat island across the Atlanta metro area over the last 
20 years 
• Relationship between changes in vegetation levels. 
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Through analyzing the changes in the Atlanta metro area, the American Forests group 
determined that most of the benefits provided by the natural environment have been lost 
during the region's development. The aerial photo analysis showed 60% of the natural 
landscape had been lost to development. The existing urban forest within Atlanta currently 
saves 4.6 million in energy use due to the direct shading ofresidential homes (Urban Forestry 
2000, p. 2). The urban ecosystem analysis has been used in other cities such as Milwaukee 
and Fort Lauderdale. 
Stochastic models 
Stochastic models simulate probalistic relationships using probability functions to 
characterize the model variables. The simulation produces results that are restricted to a 
range of possible soiutions (Berry 1995, p. 28). 
Chuck Ehlschlaeger and Ashton Shortridge (2000, p. I) developed a stochastic model 
using a stochastic simulation approach to determine the impact of spatial resolution of digital 
elevation data within the context of the least-cost path algorithm. The least-cost algorithm 
was used as the probability function to determine a least-cost path across two digital 
elevation models (DEM). The least-cost path minimized a cost function incorporating 
distance and elevation (Ethlschlaeger 2000, p.2). The least-cost algorithm was used as a 
stochastic simulation to determine potential trails through two DEM' s. The trail endpoints 
occurred at the same coordinate-referenced location in each DEM. The least-cost algorithm 
was used on both DEM's because the spatial resolution differed between the datasets. The 
spatial resolution of the first DEM was 30 meters. The spatial resolution of the initial second 
DEM was 90 meters. The second DEM was altered by developing an error model that 
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simulated the 30 meter DEM roughness based on the original 90 meter elevations and then 
replaced the original 90 meter DEM for analysis purposes (Ethlschlaeger 2000, p.2). 
Ethlschlaeger and Shortridge were interested in the impact that terrain uncertainty had on 
analysis. They ran the least-cost path algorithm on both DEM's. The DEM's were too 
complex to be described by the mathematical equations for which one solution is obtainable 
(Berry 2000, p. 1 ). The simulation used a statistical sampling of multiple simulations to 
create the calculated solution. The solutions for each least-cost path were attained through an 
analysis of 24 7 alternative paths in each DEM. Significant differences were evident 
between the two solutions for the two DEM's (Ethlschlaeger 2000, p. 3). The stochastic 
simulation approach was able to capture the impact of terrain features despite the complexity 
of the alternative path distributions. 
Stochastic modeling is not limited to identical simulations. Several types of 
probability functions can be used for statistical analysis. Stochastic modeling is an effective 
modeling technique because it can provide statistical estimates for a complex system as 
possible solutions (Berry 2000, p. I). The averaged solution can be a useful tool. 
Ethlschlaeger' s analysis has provided pertinent information for agencies and individuals who 
rely on the accuracy of DEM's for different types of analysis. 
Dynamic models 
Dynamic models treat time as a variable and model variables change as a function of 
time. Dynamic models have been used to model the spread of pollutants from point and 
nonpoint sources (Berry 1995, p. 28). Dynamic models have also been used to model future 
landscape. The Geographic Modeling System Lab developed a dynamic landscape 
simulation model. The simulation model uses time as a variable to model landscape change 
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based on three pieces of information gathered by the Geographic Modeling System Lab 
(GML 2000, p. 1) including the following: 
• The current state of a landscape 
• Plans for future use of the landscape 
• Knowledge about how natural processes can be affected. 
The landscape simulation model allows the users to analyze, combine and improve on 
interdisciplinary conceptual models. The model produces data output regarding potential 
future landscapes based on an established time series (Geographic Modeling Systems 
Lab 2000, p. 1 ). The model output provides an opportunity for professionals and scholars to 
talk about the present and future condition of the landscape. The model also allows us to see 
the consequences of our actions based on how the model characterizes the behavior of the 
landscape. 
Analytical models 
A GNPS-Agricultural nonpoint source pollution system model 
The Agricultural Nonpoint Source Pollution System Model is a USDA-Agricultural 
Research Service developed computer program designed to evaluate nonpoint source 
pollution from agricultural watersheds (U.S. Department of Agriculture 2000, p. 1). The 
computer program helps estimate outputs related to soluble nitrogen, soluble phosphorous, 
and infiltration. The program also helps estimate the sediment yield, runoff, sediment 
transported nitrogen, and sediment transported phosphorous (U.S. Department of Agriculture 
2000, p. 1). 
The agricultural nonpoint source pollution model (AGNPS) does not work 
independently. The model depends on the GIS software package PC-ARC/INFO. The 
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model is based on an interface between AGNPS and PC-ARC/INFO. The AGNPS model 
uses data files made from ARC/INFO data layers. The data layers include watershed 
delineation, strean.1s, soils data, and land use (Goodchild 1996, p. 210). Other data is needed 
for the input file that includes the Universal Soil Loss Equation Cover (c)-factor, the 
Universal Soil Loss Equation practice (p)-factor, soil texture, fertilization level, fertilization 
availability, precipitation level, and energy-intensity level (Goodchild and others 1996, p. 
211 ). After the input file is completed, the model is ready to run with the "run" option, users 
specify the active input file and invoke the model simulation. 
RUSLE-Revised universal soil loss equation 
The Universal Soil Loss Equation (USLE) was recently updated as the Revised 
Universal Soil Loss Equation (RUSLE). The U.S. Department of Agriculture (USDA) 
Agricultural Research Service recently made significant advances and improvements to the 
USLE and released it again (McGregor and others 1998, p. 1 ). The Revised Universal Soil 
Loss Equation (RUSLE) model now addresses temporal changes in soil erosion, plant 
factors, and non-linear slopes but requires a computer to implement the model (Weltz and 
others 1998, p. 1). The RUSLE is an effective tool that can identify areas where erosion 
potential is excessive; it can also be used when calculating excessive sheet and rill erosion 
caused by rainfail and runoff (Foster and others 1998, p. 1). The government has used the 
USLE as a tool for choosing cost-effective systems to comply with federal legislation 
concerning farmer agricultural support programs (McGregor and others 1998, p. 1 ). The 
RUSLE is a useful tool that is applicable for determining the relative amount of sediment, 
pesticides and nutrients leaving an agricultural area or watershed. 
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SWAT-Soil and water assessment tool 
The Soil and Water Assessment Tool (SWAT) is a hydrologic modeling software 
package that uses compiled databases and files produced from a GIS interface. The model is 
capable of simulating hydrology, pesticide and nutrient cycling, erosion and sediment 
transport. SW AT was created by the modifications of other hydrologic modeling software to 
analyze watersheds and basins on a larger regional scale. The modified models include the 
SWRRB and CREAMS model that were developed for smaller watershed basins (Blackland 
1999, p. 1). The SWAT model is able to produce the same type of analysis as the CREAMS 
software on a larger area. The analysis of the watershed produces predictions on the outcome 
of prevalent management practices. SW AT completes the analysis process with help from an 
interface. There are several types of interface packages, which include GRASS, Arclnfo, and 
Arc View (Blackland 1999, p. 1 ). The software interface uses grids and database information 
to create tables that are entered as inputs into the SW AT model. After completing the tables 
in the ArcView interface they can be loaded into the SWAT model to be processed. SWAT 
will take the tables and create coverages that show the hydro logic attributes of the watershed 
within the study area. 
TR-55 USDA Technical Release 55 
The TR-55 model is composed of simplified hydrologic modeling procedures to 
estimate storm runoff volume, peak discharge, hydrographs, and storage volumes for flood 
water reservoirs, small watersheds, and especially urbanizing watersheds (Water 1999, p. 
10). The TR-55 model is applicable for urbanizing watersheds because the runoff volume 
and peak flow can be calculated before and after development occurs. The results of the 
hydrologic model aid in the development of surface management strategies for urbanizing 
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watersheds. TR-55 is an efficient means of modeling the peak discharge without long-term 
stationary stream flow data. The TR-55 was developed by the Soil Conservation Service and 
released in 1975 and re-released in 1986 by the U.S. Department of Agriculture. The TR-55 
method was developed through computer simulations using the Formulation-Hydrology 
Project (Walesh 1989, p. 112). The TR-55 method uses a four-step process to estimate 
runoff hydrographs based on a 24-hour hyetograph. The 24-hour period was chosen because 
of the abundance of daily rainfall data available that was used to estimate the rainfall 
amounts. The yearly and monthly data is not as complete as the daily rainfall data due to 
missing values. The runoff hydrographs are estimated using a four-step process. The four-
step process includes the following: determining runoff volume, estimating time of 
concentration, computing peak discharge, and computing storage volume (Soil Conservation 
Service 1992). 
The Runoff Curve Number Method is utilized by SCS to estimate the amount of 
runoff during a storm event. The factors that are used to compute the curve number are the 
soil group, treatment, hydrologic condition, antecedent precipitation, and cover types within 
the watershed or sub-watershed. There are several tables that can be used to determine the 
curve number that are primarily based on percentage of imperviousness and the connectivity 
of the impervious areas. The SCS runoff equation itself is the following: 
Q = (P-Ia) /(P-Ia)+S 
Where Q =runoff (in) 
P =rainfall (in) 
S =potential maximum retention 
after runoff begins (in) and 
Ia=initial subtraction (in) 
(SCS 1986, p. 2-1) 
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The soil groups are classified into four hydrologic groups based on the minimum infiltration 
capacity of the soil. The cover type of the watershed can be obtained through several 
sources. The cover type can be delineated by land use maps, aerial photographs or satellite 
images. The hydrologic condition refers to the absence or presence of vegetation and residue 
cover. The antecedent runoff condition is the runoff potential prior to a storm based on the 
amount of moisture that is already present within the soil. These factors are determined 
using tables calculated through research and hydrologic simulations (SCS 1986, p. 2-9). 
The hydrologic calculations can be completed manually using worksheets or by using 
a stand-alone software application, TR-55, created by the U.S. Department of Agriculture. 
Until recently the previous options were the only options. The increasing use of GIS and 
Avenue scripts has prompted the integration of the TR-55 method and Arc View. Avenue 
scripts have been written for Arc View that complete the calculations within the GIS. There 
are three primary reasons why the hydrologic calculations were being done outside of the 
GIS. According to Hellweger (2000, p. 2), the reasons were the following: 
• Existing hydrologic programs have a proven track record and their results are 
trusted by engineers and reviewing agencies. New programs, like 
those programmed into GIS, would need to earn that trust which would 
take a long time. 
•Some of the existing hydrologic programs are very complicated and 
reprogramming of them would require considerable effort. 
•GIS systems do not offer a programming environment sophisticated enough 
to perform hydrologic calculations. For example: Arc/INFO, the most 
popular GIS package on the market, does not allow for the definitions 
of numerical variable arrays in its programming environment. 
These reasons are now updated due to the updated versions of GIS packages and the need to 
rewrite the existing programs and outdated interfaces over again (Hellweger 2000, p. 2). An 
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Arc View version ofTR-55 is available as Avenue scripts that will complete the four steps of 
the TR-55 model. The Avenue script version ofTR-55 within Arc View uses the same basic 
principles as the TR-55 release version. The Arc View version uses the Runoff Curve 
Number Method to determine the runoff and the Tabular Hydrograph Method to calculate the 
composite hydrograph. The Runoff Curve Number method (SCS 1986, p. 2-1) determines 
runoff based on the curve number and rainfall using these equations: 
S = (1000/CN)-10 
Ia= 0.2*S 
Q = [(P-Ia)"-2]/[(P-Ia)+S] 
Where: S =potential maximum retention after runoff begins (inches) 
CN =runoff curve number 
Ia = initial abstraction 
P =rainfall (inches) 
Q =runoff (inches). 
The Tabular Hydrograph method computes the peak discharge using an established 
travel time and the time of concentration. Travel time and time of concentration are used 
with the assumption that the flow rates for each stream length are the same. Travel time and 
time of concentration are used in conjunction with data previously used for the runoff curve 
number (SCS 1986, p. 5-1). The tabular hydrograph method is dependent on ten input 
parameters including the time of travel and time of concentration. According to McCuen 
(1982, p. 38; SCS 1986, p. 5-1) the ten input parameters include the following: 
•Subdivision of the watershed into sub basins · 
• Drainage of the sub basins in square miles 
•Tc, time of concentration, for each sub basin in hours 
• Tt, time of travel for each routing reach in hours 
•Weighted CN for each sub basin 
• Appropriate rainfall distribution 
•24-hour rainfall for the selected frequency 
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•Total runoff (Q) in inches computed from CN and rainfall. 
• Ia for each sub basin 
•Ratio of Ia/P for each sub basin 
Use of the tabular hydrograph method is limited due to its decrease in accuracy when the size 
and complexity of the watershed increase. It is recommended that the watershed delineation 
yield no more than eleven sub-basins. Using the tabular method to determine the peak flow 
for a watershed with more than eleven sub-basins will reduce the accuracy of the results 
(SCS 1986, p. 5-3). 
Capabilities 
The SCS curve method helps estimate the runoff volume and peak discharge for 
urbanizing watersheds based on current or theoretical land use curve numbers. The change 
in runoff volume between predevelopment and post-development condition allow users to 
estimate the effect of development on the surficial hydrology of the watershed (Water 1999, 
p. 10). The effect of management practices on the surficial hydrology can also be estimated 
using the estimated curve method. The SCS curve method can be used to model an 
integration of proper management procedures and environmentally responsible development 
practices to estimate the runoff volume and peak discharge in comparison to improper 
management procedures and irresponsible development practices. 
TR-20 USDA Technical Release 20-Soil conservation service model TR-20 
The Technical Release TR-20 was released by the US Department of Agriculture, 
Soil Conservation Service (SCS) in 1962, then re-released in February 1992. The TR-20 
modeling program was developed to assist engineers in evaluating the rain and flood events 
for use in analysis of their water resource projects (Soil Conservation Service 1992, p. 1 ). 
The TR-20 is similar to the TR-55 in hydrograph development and overland flow 
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computations. However, the TR-20 routes the estimated flood hydrograph flows through 
stream channels and reservoirs. The routed hydrographs are joined to the tributary 
hydrographs so the output hydrographs can be separated for spot analysis (Soil Conservation 
Service 1992, p. 1 ). 
The TR-20 program uses sub-watershed delineated data defined by hydrologic effects 
and topographic relief. The delineated sub-watersheds define areas of similar hydrologic 
effects and are not limited to topographic relief. TR-20 creates a mass curve of runoff for 
each sub-watershed determined by the runoff curve number, rainfall volume, and rainfall 
distribution within the sub-watershed (Soil Conservation Service 1992, p. 8). The runoff 
volume is computed in inches by the runoff equation. The runoff volumes are used to 
calculate the unit hydrographs for each sub-watershed. 
The sub-watershed unit hydrographs are summed to compute the composite flood 
hydrograph. The flood hydrograph utilizes the computed Delta D increment to preserve the 
peak discharge and total hydrograph volume of the unit hydrographs, if possible. The Delta 
D is a computed time increment used to coincide the peaks of the flood hydro graph with the 
unit hydrographs (Soil Conservation Service 1992, p. 9). The composite flood hydrograph is 
then saved for further analysis. 
Capabilities 
TR-20 is capable of completing an extensive analysis for each watershed included in 
the model. The capabilities of the TR-20 include the following: 
• Route through up to 200 stream reaches and an unlimited number of channel 
modifications for each reach. 
• Develop composite flood hydrographs each based on maximum of 1200 
internal (Delta D) time increments before conversion to the main time 
increment. 
• Save flood hydrographs at selected points in a watershed and print out the 
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discharge and elevation for each coordinate. 
• Compute as many as 99 alternatives in a watershed, and ten different storms 
for each alternate with variations in rainfall amounts, rainfall starting 
times and duration, and antecedent moisture condition 
• Combine hydrographs from an almost unlimited number of tributaries and 
reaches. 
• Divide flood hydrographs into two separate hydrographs 
• Enter flood hydrographs into two separate hydrographs 
• Compute up to 12 flow duration values for a flood hydrograph 
Tr-20 is able to complete the analysis using different types of rainfall data. TR-20 is able to 
estimate the peak discharge for each sub-watershed using actual or synthetic cumulative 
rainfall distributions. The rainfall distribution can be set for the entire watershed or on a sub-
watershed basis (Soil Conservation Service 1992, p. 8). Modeling rainfall events with actual 
and synthetic cumulative rainfall allow users to see the effects of their water resource 
projects on overland flow and peak discharge. 
GIS Model Classification 
GIS models are difficult to classify because of two primary reasons: GIS modeling 
means different things to different people and the terminology used may be defined in more 
than one way. Joseph Berry (1995, p.1) stated, "GIS modeling perspectives are the result of 
the data you keep and the things you do." Each model that is developed serves a unique 
purpose. Individuals may not interpret the GIS model or the model itself in the same way. 
There are classification guides that help clear the ambiguity of GIS model terminology. 
Joseph Berry developed a classification guide for GIS models that can be used to describe a 
model based on two opposing extremes. The classification guide provides two extremes so 
possible responses occur somewhere along the continuum between the extremes. Models can 
be very complex and difficult to describe based on a single description (Berry 1995, p. 1). 
The classification guide developed by Joseph Berry (1995, p. 1) is included as Figure 1. The 
42 
classification guide can be used to categorize any GIS model (Berry 1995, p. 1 ). The 
classification guide was used to determine the characteristics of a cattail and waterlily 
predictive model developed by John Jensen and others (1992) at the University of South 
Carolina, Columbia. 
Jensen and others developed a predictive model of the cattail and waterlily 
distribution within South Carolina reservoirs near the Savannah River with a GIS software 
package. The cattails and waterlilies have a significant impact on the physical and chemical 
processes in the freshwater ecosystems of large water bodies. There is a feeling among 
ecologists that the development of models needs to reflect the spatially distributed 
biophysical information that they are now acquiring (Jensen 1992, p. 1). The predictive 
model was developed using biophysical information collected from a reservoir lake named 
Par Pond. Par Pond has been inundated by extensive amounts of macrophytes including 
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from a nuclear reactor operation. The pond and lake are located in the same watershed less 
than 10 kilometers apart. 
Jensen used the biophysical information gained from Par Pond about cattails and . 
waterlilies to predict the growth and spatial distribution of acquatic macrophytes in similar 
cooling lakes including L Lake. Jensen used a Boolean logic algorithm (Jensen 1992, p. 1) to 
depict the presence or absence of aquatic macrophytes based on seven biophysical factors 
including the following: 
• Water depth (D) 
• Percent slope (%S) 
• Exposure (fetch) (E) 
• Soil types (Substrate composition) (S) 
• Water temperature (T) 
• Wave action, and 
• Suspended sediment. 
Each biophysical factor is used in the algorithm to produce a map depicting the presence or 
absence of aquatic macrophytes. 
The predictive model can be described using the standardized classification guide 
terms. The predictive model representation type is symbolic (abstract) because the modeling 
involves the symbolic representation of thematic and location properties. The modeling tells 
you what type of macrophytes occur and where those macrophytes are located. The general 
model type is relational because the model uses fact interpretation of biophysical information 
and evenly weighted factor values. The use of interpretation and weighted values indicates a 
conceptual or perception-based model. The prediction model is a cartographic model 
because there is no derived mathematical relationship between the biophysical factors. The 
model uses binary or Boolean logic instead. 
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The predictive model was developed using detailed biophysical information at high 
resolution. The high resolution enables the model to be very effective at the micro scale 
rather than the macro scale. The extensive biophysical database provides a complete 
coverage of the area included in the modeling. The extent of the modeled surface area is 
complete for all biophysical factors. 
The purpose of the predictive model utilizes the descriptive technique more than the 
prescriptive. The model output describes the areas that may be inundated through analysis of 
direct interactions of system processes instead of system responses. The predictive model 
uses the theoretical approach to predict areas of macrophyte inundation through linking the 
accepted relationships between the biophysical factors and the occurrence of cattails and 
waterlilies. The predictive model uses the deterministic technique to evaluate the direct 
relationships between the biophysical factors and the occurrence of cattails and waterlilies to 
derive a single repeatable solution. 
The biophysical data layers are associated using the lumped method. The lumped 
method defines the condition of each point on the dataset layers as independent of the 
neighboring locations (Berry 1995, p. 2). The data point condition is defined on a point-by-
point basis. The model uses disaggregated data layers for analysis purposes. The data layers 
are disaggregated because they are in a raster format. Each pixel in a raster format has a 
specified value. Each pixel in the predictive model has a unique value that is independent 
from other map locations. The predictive model was developed utilizing the static approach. 
The Boolean algorithm determined whether the specified conditions for macrophytes were 
present based on a single point in time. 
Using the classification guide for GIS models as a standard enables GIS users to 
discuss models using the same terms. The classification guide also allows a comparison 
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between similar models to determine the advantages and disadvantages of using that 
particular model. The decision to use a model to analyze the geographic information can be 
as difficult and important as which model will be used for the analysis. 
GIS models are useful for different types of analysis because there is an abundance of 
GIS modeling techniques and approaches that can be used. GIS models are capable of 
modeling small sites as well as large watersheds. GIS models are developed to analyze an 
array of problems to provide useful solutions within a site and watershed scale. 
GIS models have been developed to perform hydrologic, landscape, housing suitability 
analysis at the watershed scale. Models such as USDA Technical Release 55 and Technical 
Release 20 were developed for small to medium sized watersheds. Models such as Soil and 
Water Assessment Tool (SWAT) and Agriculture Non-point Source Pollution System 
(AGNPS) Model were developed for larger more complex watersheds. The decision of 
which model to use is based on the needs of the user and the characteristics of the watershed. 
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CHAPTER 3. METHODS 
Overview 
This Chapter includes details of the study area and watershed. The tools and 
procedures used for modeling are also included. 
Study area 
The study area selected for modeling is located in northeast Dallas County and 
northwest Polk County, Iowa. The study area includes sections 14 through 23, and 26 
through 35 in Tier 80N, Range 25W and sections 2 through 11 in Tier 79N, Range 25W, in 
the northwestern portion of Polk County as well as sections 13 through 15, 22 through 27, 
and 34 through 36 in Tier 80N, Range 26W and sections I through 3, and 10 through 12 in 
Tier 79N, Range 26W in the eastern portion of Dallas County (see Figure 2). The study area 
has become of particular interest to me because of my involvement with past and ongoing 
GIS related research. 
I was involved in an archaeological modeling project as a research assistant through 
the Department of Landscape Architecture at Iowa State University. I worked with Paul 
Anderson as a research assistant on the archaeological predictive modeling project for Camp 
Dodge. I continued working with Camp Dodge staff as an intern in the Environmental 
Section and as a state of Iowa employee. I am continually involved in projects, meetings and 
discussions as a GIS technician concerning potential effects of residential development 
within the Little Beaver Creek watershed. My involvement with Camp Dodge and the IT AM 
GIS Regional Support Centers (RSC) began in spring of 2000. My interest in the potential 
effects of residential development has been strengthened through the internship experience. 
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The potential effect of residential development on overland flow is of vital interest 
because of the location of the Little Beaver Creek discharge point. The discharge point for 
the Little Beaver Creek stream is located where it meets Beaver Creek just inside the 
southwest comer of Camp Dodge property. The change in overland flow and peak discharge 
of the Little Beaver Creek will' directly affect Camp Dodge. 
Little Beaver Creek watershed 
The Little Beaver Creek watershed includes portions of sections 25, 26, 35, and 36 in 
Tier 80N, Range 26W and section 1 in Tier 79N, Range 26W, in the eastern portion of Dallas 
County, Iowa. It also includes parts of sections 27, 28, 31, 32, 33, and 34 in Tier 80N, Range 
25W and sections 5 and 6 in Tier 79N, Range 25W in the northwest portion of Polk County, 
Iowa. The study area extends farther away from the Little Beaver Creek watershed in all 
four directions to include areas beyond a minimum of two miles from the watershed 
boundary (See Appendix 2-1 ). 
Little Beaver Creek 
Little Beaver Creek is a relatively small tributary of Beaver Creek. Beaver Creek 
originates at the south edge of Webster County and enters the Des Moines River in Southeast 
Johnston, Polk County. The Little Beaver Creek is 16.7 river miles long arranged in a 
dendritic drainage pattern (see Figure 2). The watershed relief is 184 meters, determined 
using the outlet elevation point at Easting 438,847 meters, Northing 4,615,920 meters, and 
the furthest hydrological point at Easting 430,489 meters, Northing 1,618,439 meters. The 
drainage density, the average stream length within a drainage basin per unit area (square 
mile) is 3.81 miles. 
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Figure 2. Little Beaver Creek Location 
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The stream order of the Little Beaver Creek can be calculated using several different 
methods. Stream order indicates the stream hierarchy or the number of tributaries entering a 
stream. When using the Strahler Method, a first-order stream is one with no tributaries; a 
second-order stream is one having two or more first-order streams draining into it; a third-
order stream has at least two second order streams as tributaries; and so on (Burras 2000). 
Using the Strahler Method, the Little Beaver Creek outlet stream is a third order stream. 
When using the Shreeve Method, each stream segment is calculated by the addition of 
adjoining upstream tributaries. Using the Shreeve Method, the Little Beaver Creek outlet 
stream is a sixth order stream. 
The nearest water gaging station to Little Beaver Creek is 685 meters south of the 
outlet point. The station is located near the intersection of 86th Street and 70th A venue. The 
gaging station is operated by the U.S. Geological Survey. The station information is as 
follows: 
Station Name: Beaver Creek near Grimes 
Latitude: 41 41' 18" 
Longitude: 93 44' 08" 
River: Beaver Creek River 
Basin: Des Moines River Basin 
Gage id: 104 
The U.S. Geological Survey collects several types of data at each gaging station. Each 
gaging station collects and sends stream flow daily values, peak flow, and current conditions 
data. The information is transmitted to an office where it is archived and placed on the 
World Wide Web for public access. 
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Vegetation 
Aerial photographs were digitized to update the current land cover map provided by 
the Iowa Department of Natural Resources. The years of 1963, 1976, 1995, and 1999 were 
also digitized using Arc View 3.2. The years including 1963, 1976, 1983, 1992, 1995, and 
1999 were analyzed to determine the predominant changes within the Little Beaver Creek 
watershed within the last six decades. 
The historic vegetation was also analyzed to determine the degree of change from the 
year 184 7 when General Land Office surveyors surveyed section lines in the Little Beaver 
Creek watershed during the territorial era. The effects of the transformation from 
predominant tall-grass prairie matrix to an agricultural matrix has had a significant impact on 
Little Beaver Creek watershed. The conversion from prairie to agricultural row-cropping 
impacts the surficial hydrology of the watershed as well as the underground hydrology. The 
conversion from prairie to agriculture changed the stream geometry, channel cross-section 
area, sediment load, channel length, and other characteristics. The similarities between 
prairie and row-crop agriculture are relatively few (Burras 2000). Both land cover conditions 
allow some infiltration and contain organic material. There are several significant 
dissimilarities that include: 
• Infiltration rates 
• Groundwater flow regimes 
• Occuring fibrous root systems 
• Runoff potential 
• Compaction levels 
• Organic material content levels 
• Soil particle chemical levels 
The dissimilarities between the previous predominant land cover and the current land cover 
make it difficult for land managers to address the significant patterns and trends within a 
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watershed because of the dramatic impact of the geomorphic and surficial changes within the 
Little Beaver Creek watershed from 1847 to 1999. 
The current land use of Little Beaver Creek was determined by digitizing an aerial 
photo of the watershed. The aerial photo was obtained by mosaicing FSA (Farm Service 
Agency) compliance flight photos from the Dallas County and Polk County Farm Service 
Agencies (see Figure 3). The overall percentage of land cover types are included in Figure 4. 



















The 1995 land use of Little Beaver Creek was determined by digitizing an aerial 
photo of the watershed. The aerial photo was obtained by mosaicing FSA (Farm Service 
Agency) compliance flight photos from the Dallas County and Polk County Farm Service 
Agencies. Cumulative hectares and overall percent are included Table 1 and Figure 5 to 
summarize the 1995 land cover types. 




































The 1995 land cover map is included in Appendix 2-2. The land cover map was 
digitized using the "heads-up" digitizing method. The heads-up digitizing involves scanning 
an image to be referenced into a GIS software. ArcView 3.2 was used to digitize the land 
cover based on the aerial imagery obtained from Polle and Dallas County Farm Service 
Agency offices for year 1995. 
The Iowa Department of Natural Resources and the ISU Geographic Information 
Systems Research Lab determined the 1992 land use of Little Beaver Creek. The land cover 
was digitized from satellite imagery. Cumulative hectares and overall percent are included 
Table 2 and Figure 6 to summarize the 1992 land cover types. 
Table 2. 1992 land cover 
Land cover Count Sum (Hectares) Percent 
Crop/Pasture 542 2159 73 
Forest/Woodland 936 215 7 
Open Water 5 1 0 




Figure 6. 1992 land cover graph 
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The land cover was digitized from satellite imagery. Cumulative hectares and overall 
percent are included Table 2 and Figure 6 to summarize the 1992 land cover types. The 
1992 land cover map is included in Appendix 2-2. The land cover map was digitized using 
the "heads-up" digitizing method. The heads-up digitizing involves scanning an image to be 
referenced into a GIS software. Arc View 3.2 was used to digitize the land cover based on 
the aerial imagery obtained from Polk and Dallas County Farm Service Agency offices for 
year 1992. 
The 1983 land use of Little Beaver Creek was determined by the Iowa Department of 
Natural Resources. 
Table 3. 1983 land cover 


























The land cover shape file was obtained from the IDNR Web Site. Cumulative 
hectares and overall percent are included Table 3 and Figure 7 to summarize the 1983 land 
cover types. The 1983 land cover map is included in Appendix 2-2. The data to create the 
land cover map was obtained from the Iowa Department of Natural Resources for year 1983. 
The 1976 land use of Little Beaver Creek was also determined by digitizing an aerial 
photo of the watershed. The aerial photo was obtained by mosaicing FSA (Farm Service 
Agency) compliance flight photos from the Dallas County and Polk County Farm Service 
Agency offices. Cumulative hectares and overall percent are included Table 4 and Figure 8 
to summarize the 197 6 land cover types. 
Table 4. 1976 land cover 
Land cover Count Sum (Hectares) Percent 
Crop/Pasture 197 2382 80 
Forest/Woodland 33 244 8 
Open Water 9 6 0 
Transportation 19 148 5 








Figure 8. 1976 land cover graph 
56 
The 197 6 land cover map is included in Appendix 2-2. The land cover map was 
digitized using the "heads-up" digitizing method. The heads-up digitizing involves scanning 
an image to be referenced into a GIS software. Arc View 3.2 was used to digitize the land 
cover based on the aerial imagery obtained from the Natural Resource Conservation Service 
for year 1976. 
The 1963 land use of Little Beaver Creek was determined by digitizing an aerial 
photo of the watershed. Cumulative hectares and overall percent are included Table 5 and 
Figure 9 to summarize the 1963 land cover types. 
Table 5. 1963 land cover 
Land cover Count 
Crop/Pasture 318 
Forest/Woodland 56 
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The aerial photo was obtained by mosaicing FSA (Fann Service Agency) compliance 
flight photos from the Dallas County and Polk County Fann Service Agencies. The 1963 
land cover map is included in Appendix 2-2. The land cover map was digitized using the 
"heads-up" digitizing method. The heads-up digitizing involves scanning an image to be 
referenced into a GIS software. Arc View 3 .2 was used to digitize the land cover based on 
the aerial imagery obtained from the Natural Resource Conservation Service for year 1963. 
The aerial imagery was located by mapping the Little Beaver Creek watershed on an aerial 
photo index sheet. The photo index sheet was needed to find an index number for each 
photographed section located within the Little Beaver Creek watershed. The aerial 
photographs were sent by a NRCS regional office. 
There are general trends that are shown by comparing the land cover between 1963 
and 1999. The General Land Office (GLO) conducted a public land survey of Iowa during 
the period 1832 to 1859. The GLO received field notes and township maps produced by 
Deputy Surveyors and their assistants. The field notes and township maps described the land 
and its natural resources (vegetation, water, soil, landform, and so on) at the time of the 
survey (Anderson 1996, p. 1). According to the GLO notes and maps, during the year 1847, 
the Little Beaver Creek watershed was comprised of 66 hectares (2%) of timber and 2,887 
hectares (98%) of prairie. 
The land cover depicted for 1983 varies from the general trends due to the limited 
categories of the shape file theme. There are two significant trends evident in the Little 
Beaver Creek watershed (Figure 10). The urban/residential area increases from 6 percent in 
1963 to 13 percent in 1999. The forest/woodland areas also increase from 6 percent in 1963 
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The Little Beaver Creek watershed is located near the southern edge of the Des 
Moines Lobe of the Wisconsinan glacier. The south edge of the Des Moines Lobe is 
approximately eight miles south of the southern extent of the watershed. The Des Moines 
Lobe extended into Iowa as far south as Des Moines (Burras 2000). The Des Moines Lobe is 
characterized by relatively flat slopes, poor drainage, and large expanses of potholes and 
marsh, many of which have been drained for agricultural use (Department of Animal 
Ecology 2000). A large percentage of the Des Moines Lobe area in Iowa is used for 
agriculture because of its soil characteristics. The Des Moines Lobe characteristics are 
evident within the Little Beaver Creek watershed. The area-weighted average slope within 
the Little Beaver Creek watershed is less than 7 percent. However, moderate and high slopes 
ranging from 14 to 43 percent dominate the northeast portion of the watershed. The area-
weighted average slope was calculated using the Grimes digital elevation model. 
The U.S. Geological Survey and the Iowa Department ofNatural Resources have 
conducted hydrologic and geologic studies near the Little Beaver Creek watershed 
(Quade 2000). The IDNR used hydrogeologic research methods to create a GIS data layer 
showing regions within Iowa with similar potentials for groundwater and well water 
contamination. The research was completed by the Iowa Department of Natural Resources 
(1999) using primary geologic and soil data, including the following: 
• Bedrock aquifers/aquitards 
• Thickness of Quaternary deposits, alluvial aquifers, sinkholes, and 
agricultural drainage 
•Overlay techniques 
•Evaluation of groundwater contamination and well contamination data. 
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Three types of groW1dwater vulnerability regions occur within the Little Beaver Creek 
watershed. The groundwater vulnerability types include the alluvial aquifers, drift 
groWldwater source and variable aquifer confinement-shale confinement. The southwest 
portion of the Little Beaver Creek watershed is a drift groW1dwater source region measuring 
591 hectares (20%). The central portion of the watershed is characterized by variable aquifer 
confinements- shale confinement including 1,985 hectares ( 67% ). The northeast portion of 
the watershed is an alluvial aquifer region including 378 hectares (13%). 
The existing bedrock elevation patterns of the Little Beaver Creek watershed mirror 
the groW1dwater vulnerability region patterns. Staff geologists of the Iowa Department of 
Natural Resources (IDNR) using a compilation of all well log data, outcrop records, soil 
survey analysis, and topographic maps determined bedrock elevation (Hoyer 1993, p. I). 
The bedrock elevation ranges from 925 below mean sea level in the west portion of the 
watershed to 725 below mean sea level in the northeast. 
Wildlife 
There is no known occurrence of threatened or endangered species (plant or animal) 
within the Little Beaver Creek watershed. The closest known threatened or endangered 
species occurs 7 miles to the northeast of the watershed. The closest threatened and 
endangered species were located using the threatened and endangered species data layer 
developed by the Iowa Department of Natural Resources. The threatened ecosystem includes 
several endangered plant communities. 
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Soils 
There are a total of 26 different soil series within the watershed. There are four soil-
mapping units that occur within the Little Beaver Creek watershed: 
Soil Series Polygons Hectares Percent 
Clarion 239 1166.5 50 
Canisteo 22 262.5 11 
Nicollet 134 368.8 16 
Webster 48 533.0 23 
Total 2330.8 100 
Clarion is a moderately sloping, well-drained soil occurring on knolls and convex 
side slopes that border streams and upland drainage ways. The soils were formed in glacial 
till. The soil is moderately permeable with an organic content of 2.0 to 2.5 percent. The soil 
is moderately suited for cultivated cropping but needs more intense management on steeper 
slopes (Soil Conservation Service 1980, p. 70). The Canisteo soil series consists of slightly 
sloping, poorly drained soil occurring in drainage ways and upland areas. The soils were 
also formed in glacial till as well as glacial sediments. The soil is moderately permeable with 
slopes ranging from O to 2 percent (Soil Conservation Service 1980, p. 69). The Nicollet soil 
series includes gently sloping, somewhat poorly drained soils occurring on slightly convex or 
nearly level ground moraines. The soil is moderately permeable and characterized by low 
relief. The Nicollet soil series has a seasonably variable water table with a low supply of 
phosphorous. The soil is highly suitable for agricultural purposes (Soil Conservation Service 
1980, p. 82). The Webster soil series is a slightly sloping, poorly drained soil that can be 
found on flats, in swales, and upland drainage ways. The soils were formed in glacial till and 
glacial sediments. The soil is moderately permeable with a slope ranging from O to 2 percent 
(Soil Conservation Service 1980, p. 87). 
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These four soil-mapping units are very similar and are commonly adjacent to each 
other. The remaining soil types that cover 21 percent of the watershed are more dissimilar 























Com Suitability Rating (CSR) is a measure of soils potential to be utilized for 
intensive row crop production (Iowa State University 1996, p. 9). CSR is considered 
relatively constant and can be used to rate soil potential against other soils over a period of 
time. The CSR takes several factors into consideration. These include weather conditions, 
management conditions, and frequency of use by fanners. There are several assumptions 
that are involved in determining CSR: 
• Adequate management 
• Natural weather conditions 
• Artificial drainage where required 
• Soils lower on the landscape are not affected by frequent floods 
• No land leveling or terracing. 
The CSR ratings are based on a 0-100 scale. Higher numbers indicate a higher potential for 
intensive row cropping production. The soils within the Little Beaver Creek watershed 
average a high CSR rating. There are over 1800 hectares of soils with a CSR greater than 80 
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Com Suitability Rating 
Figure 11. Area of soils in five ranges of corn suitability rating for the Little Beaver Creek 
watershed 
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Table 6. Little Beaver Creek watershed com suitability rating 
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CSR is one of several measures that can be used to delineate areas of high agricultural 
potential. Other measures include USDA prime farmland classification, HEL classification, 
pH level, organic content, porosity, and so on (Burras 2000). 
The US. Department of Agriculture defines Prime Farmland as land that is best suited 
to food, feed, forage, fiber, and oilseed crops (Natural Resources Conservation Service 1996, 
p. 8). The Prime Farmland includes all available areas excluding urban, built-up areas, and 
water. The Prime Farmland rating is based on the soil's qualities, growing season and 
moisture supply that will produce high yields with minimal energy and economic inputs 
(Iowa State University 1996, p. 8). The Prime Farmland classification of soils in the Little 
Beaver Creek watershed is shown in Figure 12. 
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Figure 12. Prime farmland classification of soils in the Little Beaver Creek 
watershed 
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The classification classes are divided into eight designations. The designations included in 
Table 7 correspond to the abbreviations used in Figure 12. The cumulative hectares for each 
type of prime farmland are also included in the following table. Prime Farmland 
designations are a good indicator of the organic content and productivity of the soil. 
Table 7. Little Beaver Creek watershed prime farmland 
Prime Farmland Designation Abbrev. Polygons Hectares Percent 
Unknown 9 10 0.3% 
Local Importance L 16 140 4.7% 
Prime Farmland p 344 1445 49.0% 
Prime, where drained P2 79 839 28.4% 
Prime, where flood protected P3 2 30 1.0% 
Prime, drained/ flood protecte PS 11 97 3.3% 
Statewide Importance s 118 356 12.1% 
Other 7 34 1.2% 
Incorporated Areas 
The City of Grimes incorporated area includes 544 acres of the Little Beaver Creek 
watershed. The extent of the incorporated area currently includes the southern central 
portion of the watershed. The west boundary of the incorporated area runs north from the 
southern boundary of the watershed along 142nd Street up to 78th street. The incorporated 
zone runs east to 114th street, then due south past the Little Beaver Creek watershed. 
The City of Johnston incorporated area includes the area south and southeast of the 
Little Beaver Creek watershed. The west boundary of the zoning plan runs from 54th 
A venue along NW 100th Street to NW 10th A venue. The boundary continues east along 
NW 10th A venue. The remaining boundaries of the current zoning occur within the 
boundaries of Camp Dodge and the Saylorville Lake recreation area. See Appendix 2-3. 
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Zoning 
The City of Johnston maintains a current zoning plan as well as a proposed zoning 
plan. The current zoning plan outlines zoning districts south ofNW 70th Avenue, east of NW 
100th Street to the Des Moines River. The only district to extend past NW 70th A venue is the 
government facility zone that includes portions of Camp Dodge and Saylorville Lake 
recreation area. 
The proposed zoning plan includes portions of the existing zoning plan extending 
farther north to the NW Beaver Drive and west to highway 141 intersection. The north 
boundary extends to NW Beaver Drive including areas on the north and northeast side of 
Beaver Drive. The east boundary runs south along the edge of Saylorville Lake and the Des 
Moines River to Interstate 35-80. The southern boundary follows I/35-80 west to NW 100th 
Street. See Appendix 2-4. 
There are areas within the Little Beaver Creek watershed that are included in the 
proposed zoning area. The eastern portion of the watershed is included in the proposed 
zoning area. There are 0.67 hectares zoned as high-density residential and 313.35 hectares 
zoned as low-density residential. The proposed zoning area includes over 10 percent of the 
Little Beaver Creek watershed. 
Urban Growth and Development Impacts 
The Beaver Creek watershed is located in close proximity to areas undergoing urban 
development. The commercial and residential development is reaching farther and farther 
away from Des Moines and closer to the Beaver Creek watershed (Cox 1998, p. 1). The 
towns in close proximity to the Beaver Creek watershed include Grimes and Johnston. A 
large portion of the incorporated area of Grimes is located in the Little Beaver Creek 
68 
watershed. There are 544 acres within the Little Beaver Creek watershed that are delineated 
as Grimes incorporated area. The incorporated area of Johnston occurs outside of the Little 
Beaver Creek watershed. The northwest comer of the Johnston incorporated area extends to 
within half a mile of the watershed boundary according to the Iowa Department of Natural 
Resources incorporated areas data layer. 
Johnston is experiencing a tremendous amount of growth. The concern of residents 
near the city of Des Moines and Johnston is that the residential growth will follow a pattern 
that has become all too familiar. Cities have been spreading to adjacent rural areas instead of 
within the city limits. The growth of cities in areal extent is generally due to the location of 
new development and not due to population increase (Roberts 1989, p. 388). 
Johnston has changed considerably over the last two decades. Residents have noticed 
the changes that have taken place in their neighborhoods and community. In a Des Moines 
Register article, Cox stated, "Look at parts of Johnston today and there's open land. But in 
the next several years, the area is expected to bloom into residential developments, business 
parks and commercial services for an increasing population. At the same time, some of that 
open space is expected to remain open with trails and greenways" (Cox 1998, p. 1). The 
residents are prepared for and expect development around their communities. The residents 
of the areas being developed do not always have the same outlook or opinion. As Lonnie 
Easter, a Johnston resident, stated, "In a community growing this fast, you're going to have 
two fields. One says, 'We don't want it to change. It was really good the way it was.' Then 
you're going to have the field that says, 'It's going to change. Let's control the change'" (Cox 
1998, p. I). 
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Population 
The 1990 census listed Johnston's population as 4,702, up 87 percent from 2,526 in 
1980. Although the city's growth is expected to slow during the rest of the decade, by the turn 
of the century some 6,320 people are expected to call Johnston home, comprehensive plan 
projections show (Hawthorne 1992, p. 1). That's an increase of 34 percent from 1990. The 
U.S. Bureau of the Census has also estimated the populations of incorporated areas at the 
turn of the century. There are small discrepancies between Hawthorne's figures and the 
figures presented by the Bureau of the Census (Department of Sociology 2000) included in 
Table 8. The Des Moines Area Metropolitan Planning Organization predicts that by the year 
2020, Johnston's population will more than double to 14,904 (Hawthorne 1992, p. 1 ). 
































The City of Grimes or the US Geological Survey does not maintain a permanent 
precipitation gaging station within the Grimes incorporated area. I utilized the isohyetal 
method to determine the mean precipitation for the City of Grimes and the Little Beaver 
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Creek watershed. The mean monthly precipitation of the Little Beaver Creek watershed is 
included in Table 9. Mean annual precipitation in the Little Beaver Creek watershed is 32.39 
inches. The water year of 2000 has been very dry compared to the estimated annual 
precipitation for the Little Beaver Creek watershed from 1961 to 1990. 
Table 9. Mean precipitation in inches of incorporated areas in the vicinity of Little Beaver 
Creek watershed 
Month Incorporated Area Mean Precipitation (1961-1990 2000 
Perry Ankeny West Des Moines Grimes Grimes 
January 0.7 0.69 0.96 0.79 0.43 
February 0.81 0.92 l.ll 0.96 1.22 
March 2.01 2.15 2.33 2.17 0.55 
April 3.14 3.2 3.36 3.24 1.54 
May 4.22 3.91 3.66 3.91 3.96 
Jwie 4.79 5.05 4.46 4.77 6.26 
July 3.78 4.04 3.78 3.88 3.97 
August 3.92 3.79 4.2 3.97 1.56 
September 3.37 3.27 3.53 3.39 1.26 
October 2.43 2.46 2.62 2.51 NIA 
November 1.46 1.65 1.79 1.65 NIA 
December 1.06 1.05 1.32 1.15 NIA 
Total 31.69 32.18 33.12 32.39 
N/A=Not Available 
The average precipitation for the year 2000 in the State oflowa was also below 
normal through September. The month of January was ranked as the 43rd driest among 128 
years of records. The precipitation in January averaged below normal for the sixth 
consecutive month (Judge 2000, p. 2). The average precipitation totals for the months of 
February, March and April were also below normal. 
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The month of May started very dry, however, the dry weather pattern ended due to a 
heavy rainstorm across northern portions of Iowa. Even with the excessive heavy rainstorms, 
the monthly average was below normal (Judge 2000, p. 2). The precipitation patterns shifted 
in the month of June. The precipitation totals for the month of June were 2.29 inches above 
normal on the average. Portions of Iowa were still experiencing drought conditions such as 
the west central and northwest Iowa (Judge 2000, p. 2). The wet precipitation pattern 
continued through the month of July. Local thunderstorm activity was responsible for 
excessive rainfall in some areas not including the Grimes area (Judge 2000, p. 2). The month 
of July registered normal average precipitation for the Grimes area. The wet weather pattern 
ceased and was replaced with hotter and drier weather starting in August. The drier weather 
pattern continued through September with little widespread rain events occurring with the 
State oflowa (Judge 2000, p. 2). 
Flooding 
Flooding has been a primary concern of residents living in the Beaver Creek 
watershed. Residents have been concerned about Beaver Creek overflowing onto land that 
has been earmarked for single-family homes (Christian 1998, p. 1). Brian Tack is a resident 
of Johnston and is concerned about the effects of development nearby his home. "That water 
is going to go somewhere, and if they start filling in that area, will it push it onto our 
properties? I haven't been able to get a good answer" (Christian 1998, p. 1). Other residents 
within the Beaver Creek Watershed agree. Jim Oatts stated in a Des Moines Register article, 
"I don't care how many engineers they have saying this is all possible; Mother Nature is 
showing them that it is not possible. Some land just shouldn't be developed" (DeValois 
1998, p. 1). 
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Route Selection 
A recent land use issue in the watershed was route selection from highway 141 to the 
Mile Long Bridge near Polk City. The route originally proposed would have gone through. 
the Iowa National Guard's Camp Dodge. That original plan was recently altered (De Valois 
1998, p. 1 )~ A consultant study was completed that stated the alternate ·route has many 
advantages compared to the original plan. 
The $60,000 study said the alternate route would require one-third less farmland to be 
taken out of production, avoid damage to the Beaver Creek floodplain, cost $2.1 million less, 
and have no impact on the Iowa National Guard's Camp Dodge (De Valois 1998, p. 2). The 
alternate plan will mitigate damage in the Beaver Creek Watershed. The original route 
would have severed wildlife corridors, changed existing runoff patterns, and so on. The 
original route crossed Beaver creek once but did not cross Little Beaver Creek. However, the 
increased accessibility, traffic, and housing construction would inadvertently impact Little 
Beaver Creek watershed. These problems can be avoided within the watershed with careful 
planning. Development policies need to be established to ensure the prolonged viability of 
the watershed. 
Data Acquisition 
The data used for the descriptive, predictive, and stochastic modeling included 
primary and secondary data. The data layers were obtained from two primary sources. The 
majority of the GIS data layers were downloaded from an Iowa State University server (most 
of these data were from the Iowa Department of Natural Resources and the U.S. Geological 
Survey). The data layers were available from the FTP server: k2.gis.iastate.edu 
<mailto:k2@gis.iastate.edu>. The remaining GIS layers were downloaded from USGS, Iowa 
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State University Agronomy Department, and EPA Internet sites. Most of the data layers 
were accessible through the Internet using W s _ ftp software. 
The primary data included: 
• Aerial imagery 
•Field data 
The secondary data included: 
•Digital Elevation Models (DEMs) 
•Digital Raster Graphics (DRGs) 
• Arc Info coverages (roads, rivers, soils, incorporated areas etc.) 
• Published reference manuals and text files explaining the software 
used. 
• Published texts on the ecological characteristics of a watershed. 
The needed data consisted of physiographic and climatic factors. The climatic factors 
included evapotranspiration rates and rainfall. Rainfall data included the following: 
• rain intensity 
• duration 
• time distribution 
• aerial distribution, and 
• geographic location. 
The physiographic characteristics included geometric and physical factors. The geometric 
factors consisted of the following: 
• drainage area 
• shape 
• slope, and 
• drainage density. 
The physical features included the following: 
• land use (cover) 
• existing management systems 
• surface infiltration condition 
• soil type, and 
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• geological condition (permeability and groundwater reservoir 
capacity). 
The channel characteristics consisted of carrying capacity and storage capacity. The 
carrying capacity was determined by the cross section, slope, and roughness of the channel. 
Research Methods 
Descriptive models 
Descriptive models use data to describe, "what is" or "what could be" in geographic 
terms (Tomlin 1990, p. 168). Tomlin describes two techniques that are commonly used in 
descriptive modeling. The synthesis technique uses data represented in a particular context. 
The analytic technique decomposes data into finer levels of mapping. The techniques refine 
the data so that the crucial element or elements are included (Tomlin 1990, p. 168). 
Prescriptive models 
Prescriptive models are used as problem solving tools, as "an attempt to describe 
'what should be"' (Natural Resources Research Institute 2000, p. 1 and Tomlin 1990, p. 168, 
198). The Prescriptive model is a characterization of the direct and indirect factors related to 
system responses (Berry 1995, p. 26). Prescriptive models can be used to express judgement 
based on direct and indirect factors. 
Predictive models 
Predictive models can be created to express judgment, simulate processes, or provide 
effective description of geographic phenomena. Tomlin describes predictive models as 
problem solving tools, as "an attempt to describe 'what if" (Tomlin 1990, p. 168, 198). 
Predictive modeling analyzes data using various techniques. There are several techniques 
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that may be used. The techniques and approaches used are based on the acquired data being 
used for the modeling process. Boolean logic and map arithmetic are common approaches 
used in GIS predictive models. 
Boolean logic 
Anderson defined Boolean logic as "an approach based on the concept of 
presence/absence and the intersection of sets" (Anderson 1999, p. 22). A data layer is 
derived from each data set that shows the presence or absence of a resource or condition. The 
data layers are analyzed to determine how many intersections of those locations are present 
(Anderson 1999, p. 22). 
Map arithmetic 
Map arithmetic is based on the concepts of gradational phenomena and marginal 
differences. Variables, in the fonn of GIS data layers, are used in the arithmetic technique. 
Variables may include landscape position, land cover use, hydric soils, and so on. The 
predictive power of each variable can be determined by using the chi-square measure from 
statistics (Anderson 1999, p. 22). Based on the chi-square measure, each variable is then 
assigned a weight that reflects its importance relative to other variables. Each data layer can 
be assigned a weighted percentage at the same time each variable within a layer is weighted 
by an appropriate integer. Arc View is able to analyze each data layer using arithmetic 




In this research, Arc View 3 .2 was the primary software used to complete the 
descriptive and predictive modeling. Extensions were also used with Arc View. An Arc View 
extension is a collection of A venue scripts that add capabilities and functions to the software. 
Spatial Analyst and ModelBuilder are the primary extensions that were used. I used the 
following extensions to complete the prescriptive modeling: 
• X Tools-Meters I Hectares • JPEG Image Support 
• Spatial Tools • TIFF Image Support 
• SDTS Grid Import • Image Analyst 
• Cad Reader • Projection Utility Wizard 
• Buffer Wizard 
Accessories 
The hydrologic predictive modeling was completed utilizing accessory hydrograph tables. 
The four tables utilized by the Arc View TR-55 script were· Typei.dbf, Typeia.dbf, Typeii.dbf, 
and Typeiii.dbf. The tables were derived from TR-20 results included in US Department of 
Agriculture Technical Release 20 publication. 
Spatial analyst 
Spatial Analyst allows users to query, map, and analyze cell-based raster data and to 
perform integrated vector-raster analysis (ESRI 1999, p. 1). The extension adds several 
functions to Arc View that allows users to do the following (ESRI 1999, p. 1): 
• Convert feature themes (point, line, or polygon) to grid themes 
• Create raster buffers based on distance or proximity from feature or grid 
themes 
• Create continuous surfaces from scattered point features 
• Create contour, slope, and aspect maps and hill shades of these surfaces 
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• Perform cell-based map analysis 
• Perform Boolean queries and algebraic calculations on multiple grid 
themes simultaneously. 
Spatial Analyst includes several useful functions that allow users to analyze complex data 
layers in one step. The functions provided by the Spatial Analyst extension offers a portion of 
the techniques utilized for spatial analysis. 
There is a wide range of techniques used in spatial analysis. The term spatial analysis 
encompasses techniques utilized for analyzing, computing, visualizing, simplifying, and 
theorizing about geographic data (University Consortium for Geographic Information 
Science 2000, p. 1). Using spatial analyst techniques in a spatial model allows users to rate 
geographic areas according to a set of criteria, make predictions about what will occur in the 
geographic area, and find patterns within larger contexts and complex systems (Esri 2000, p. 
3). For example, the spatial distribution ofland-surface processes can be measured using 
spatial analysis techniques. 
The Geographic Information System-based Modeling System for Watershed Analysis 
(GISW A) provides a GIS modeling environment to estimate climate change by using spatial 
analysis techniques to analyze land-surface processes. GIS data layers are converted into 
raster format to analyze the interaction between topography, soil characteristics, vegetation, 
and climatic variables (Wigmosta 2000, p. 1 ). The GISW A modeling systems produces a 
map depicting the climatic change for the watershed. The Kriging technique is used to 
delineate isohyete lines representing climate change zones within the watershed. Kriging is a 
method of spatial interpolation based on geostatistics. Spatial interpolation is the process of 
estimating the value of a variable at an unsampled location based upon measure values of the 
same value at known locations (Onelook 2000, p. 1). The Kriging method is a spatial 
analysis technique that is primarily used in mapping. 
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ModelBuilder 
ModelBuilder was released with the Spatial Analyst 2 extension. ModelBuilder 
allows users to create and edit spatial models. Symbol icons that represent data layers and 
functions are used in ModelBuilder to create each model. The symbols are connected with 
lines to show how the data are processed (ESRI 1999, p. I). The models can be saved as a 
model document file to show the process of running the model. Models can be edited and 
run again. 
The GIS data layers and functions in a model can be added, deleted, or changed to 
create a new model. The file can be customized, changed, and re-saved. By saving the 
model document file, a record of the data layers, functions, and output file names are 
recorded. Metadata can also be entered and saved in the model document file so the entire 
process is documented. 
ModelBuilder is capable of creating different types of models such as development 
suitability models, species sensitivity models, and social impacts models (ESRI 1999, p. I). 
For example, ModelBuilder can also be used to create a housing suitability map. A 
combination of GIS data layers can be used to prescribe appropriate sites for residential 
development such as the following: 
• Park location 
• Residential zoning 
• Education value 
•Soil type 
•Roads 
• Historic vegetation 
•Erosion Factor 
•Crime rate 
• Property values 
•Slope class 
Flood frequency 
• Incorporated areas 
• Drainage rate 
The desired data layers can be used to determine areas of high suitability using Boolean logic 
or the arithmetic approach as a ModelBuilder document. The weighted overly function can 
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be used in ModelBuilder, which utilizes the arithmetic overlay approach to produce a map 
delineating areas of varying residential development suitability. 
Avenue 
Avenue is an object-oriented programming interface that provides a development 
environment within Arc View to customize and create tools. A venue helps perform the 
following tasks (ESRI 1996b, p.1): 
• Modify Arc View standard tools 
• Create new tools 
• Integrate Arc View with other applications 
• Develop and distribute custom applications 
Users can create new functions with A venue. Many basic A venue scripts can be downloaded 
from ESRI for immediate use or customizing. Each. extension has its own capabilities and 
limitations that can enhance the capabilities of ArcView. Since the release of Arc View, 
organizations have realized the value of creating a GIS database (Pyle 2000, p. 2). 
Organizations are using A venue to reduce their time spent on data and map requests so they 
can concentrate efforts on database analysis and management. 
The King County Surface Water Management Division uses A venue to bridge the gap 
between its database and clients. King County receives requests for an array of information 
including maps, tables and charts from ongoing projects. The King County GIS office has 
three full-time staff working to manage and expand the GIS database. The same individuals 
are also responsible for fulfilling the requests of over 400 division employees (Pyle 2000, p. 
2). King County GIS staff uses A venue to develop scripts that perform special requests from 
division employees. The scripts are not project specific so they can be used in each ongoing 
project. Using Avenue scripts helped county employees create the maps, tables and charts 
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themselves (Pyle 2000, p. 4). The King County Surface Water Management Division avenue 
scripts increased the efficiency and functionality of their Geographic Information System. 
ArcView 3.2 
Arc View 3.2 GIS software was used to analyze the database described in the 
beginning of Chapter 3. That database was developed to build a descriptive inventory of the 
study area. The database was then used to determine appropriate urban development sites. 
Descriptive modeling was a preliminary step to prescriptive modeling, which was used to 
determine which areas were suitable for development. The descriptive model used map 
arithmetic, Boolean logic, and other modeling techniques. The resultant map models were 
compiled as composite maps. 
AutoCAD land development desktop 
AutoCAD Land Development Desktop 0' ersion 2) was used to verify the intersection 
of sub-watershed nodes and stream segments in the GIS data layers. Arc View does not 
include a snapping environment as robust as that inAutoCAD. AutoCAD Land 
Development Desktop is able to import GIS data layers, including both Arc View shapefiles 
and ArcINFO coverage formats. 
Global positioning system 
A RACAL Global Positioning System (GPS) was used to calculate the sectional area 
of Little Beaver Creek sub-watershed outlets. The GPS involves a group of satellites 
maintained and operated by the US Department of Defense. The GPS was introduced in the 
early 1980's by the US Department of Defense as a solution for determining accurate 
navigational and positional locations (Flatirons Surveying 2000, p. I). There are currently 24 
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satellites in operation that orbit the earth in a stationary pattern. New satellites are deployed 
by the Department of Defense to replace older satellites (Global Positioning System 
Overview 2000, p. 2). The GPS satellites send coded signals that are available for civilian 
use with the proper receiver. The coded signals from the satellite are converted to an ASCII 
text file by the RACAL GPS unit. The ASCII file is converted to Arc View 3.2 shapefiles 
using GPS Import Pro. The GPS Import Pro extension converts the ASCII text file into an 
Arc View shapefile using a designated projection and coordinate system. 
Procedure 
Descriptive modeling 
Descriptive modeling was used to document past development. The modeling 
process started with the acquisition of aerial imagery from 1963, 1972, 1985, 1990, 1995 and 
1999. The aerial imagery was obtained from US Geological Survey aerial photo prints, Farm 
Service Agency in Polk County, Dallas County and the Iowa Geographic Image Server. The 
1963 and 1972 aerial-photos were scanned from USGS photo index sheets and geo-
referenced using Blue Marble Geographic Transformer. The 1990 aerial imagery was 
downloaded from the Iowa Geographic Image Server at http://ortho.gis.iastate.edu. The 
1985, 1995, and 1999 aerial images were scanned from 35mm compliance slides at the 
Dallas County and Polk County Farm Service Agency offices. The scanned images were 
merged in Adobe Photoshop 5 into seemless mosaics. The mosaics from each compliance 
year were geo-referenced using Image Analysis, an Arc View extension. The accuracy of the 
geo-referenced mosaics are within 18 meters of the Iowa Department of Natural Resources 
GIS data layers. The accuracy level is acceptable for modeling purposes. 
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The urban and developed areas were digitized as land cover data layers from the 
1963, 1972, 1990, and 1999 geo-referenced images in Arc View. The aerial imagery included 
areas within the Little Beaver Creek watershed and portions of the study area. The changes 
in land cover were analyzed using Coefficient of Aerial Correspondence (CAC). CAC 
analyses data layers to determine the existing overlaps between polygons. 
Descriptive modeling was also used to describe the Little Beaver Creek watershed 
and surrounding watersheds. Data layers were used for arithmetic and Boolean logic 
modeling of existing conditions within the watersheds. The data layers used in the arithmetic 
and Boolean modeling included the following: 
• Aerial Images 
• Soils 
• Highly Erodible Land 
• Bedrock topography 
• Geologic vulnerability 
• Polk County Rivers 
• Land Cover 
• Important, endangered, or rare 
plant and animal species 
• Landform 
• Digital Elevation Models 
• Slope 
• Aspect 
• Incorporated Areas 
• Zoning Districts 
The results provided a basis for prescriptive modeling of residential development in Little 
Beaver Creek watershed. 
Prescriptive suitability model 
Prescriptive modeling was used to determine residential development in Little Beaver 
Creek watershed. The prescriptive modeling process integrated statistical analysis of 
estimated population and growth and residential development criteria established by the City 
of Johnston Planning Division, City of Grimes and the Polk County Planning and Zoning 
Administration. 
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Linear regression analysis 
The State of Iowa provides estimated population information for e~ch decade of the 
1900's. The State oflowa data were used to estimate the population for Grimes 
corresponding with Little Beaver Creek aerial photos from: 1963, 1976, 1990, 1995 and 
1999. The estimated population of Johnston was also calculated using the State of Iowa 
estimated population figures (see Table 10, Appendix 2-5). Linear regression modeling 
Table 10. Estimated population of the City of Grimes 























of the estimated population (independent variable) and growth area ( dependent variable) of 
Grimes was completed to determine correlation between the variables. The least squares 
method was used for the linear regression modeling (see Appendix 2-6). The correlation 
coefficients were calculated for each regression model. The results of the linear regression 
models were compared against projected population estimates of 2000. Linear regression 
modeling of adult per household and residential growth area data was not completed due to 
lack of data. Therefore, there was insufficient information to determine the correlation 
between adults per household and growth area increase. 
Prescriptive residential suitability modeling 
Background 
Residential suitability was modeled based on developmental criteria prescribed by the 
City of Johnston Building and Zoning Department because of their impact on residential 
permits and policy. The increased rate of residential development will be an issue within the 
Little Beaver Creek watershed in the near future and will involve the City of Johnston 
Building and Zoning Department. 
Study area 
The study area selected for suitability modeling is located in portions of Dallas 
County and Polk County. The study area includes areas south of Granger, Iowa, north of 
University A venue in Des Moines, east of Highway 20 and west of Ankeny, Iowa. The study 
area includes the eastern portion of Dallas County and the western portion of Polk County: 
Sections 13-16, 21-28, and 33-36, Tier SON, Range 26W and 
Sections 1-4, 9-16, 21-24, and 33-36,Tier 79N, Range 26W, in Dallas County 
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It also includes: 
Sections 13-36 in Tier 80N, Range 25W and 
Sections 16-21, and 28-33 in Tier 80N, Range 24W and 
Sections 1-24 in Tier 79N, Range 25W and 
Sections 4-9, and 16-21 in Tier 79N, Range 24W, in Polk County. 
The study area was delineated so that it would include the cities of Johnston and Grimes, 
allow for a regional analysis, and illustrate potential growth in each direction. 
Process 
I completed my modeling study using two computers. I used a computer within the 
ISU Geographical Information Systems Research Facility to download data. Installed in the 
PC were Windows 98, Pentium Pro® ill Processor and 256 megabytes RAM. I used the C 
drive to save the files before transferring them by Zip disk onto my PC. Installed in my PC is 
Windows 98, Pentium® III Processor and 192 megabytes RAM. I used the D drives to save 
my project. The software I used included ArcView 3.2, ModelBuilder, Xtools, Arc View 
Projection Utility, and the Arc View extension Spatial Analyst. 
Data 
The data used for the prescriptive model were obtained from several sources. The 
data were converted into UTM NAD 27 coordinate system and projection if not already in 
the appropriate format. The primary data utilized for the model is shown in Table 11. 
The utility line data included two major types of utilities. The two types included 
22-69 KV electric transmission line and 115-345 KV electric transmission lines. There are 
26,292 meters of22-69 KV line and 43,623 meters of 115-345 KV line within the study area. 
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The natural gas lines were also obtained from the Iowa Utilities Board. There are 41,851 
meters of interstate natural gas lines within the study area. There are no intrastate natural gas 
lines or hazardous liquid pipelines within the immediate area. 
Table 11. Data for prescriptive residential suitability modeling 
Data Source Contact 
Utility Lines Iowa Utilities Board IUB 
Natural Gas Iowa Utilities Board/ Ehnron Co. Enron 
Lines 
Primary City of Johnston Public Works Kluss 
Roads 
Secondary City of Johnston Public works Kluss 
Roads 
Water Lines Promap Corporation/City of Kluss 
Johnston Public works 
Elevation IDNR Internet Site Pierson 
Soils IDNR Internet Site ICSS 
The primary roads and secondary roads data were acquired through the Pro-Map 
Corporation located in Ames, Iowa and the City of Johnston Public Works Office. The 
primary roads were designated by the Johnston Building and Zoning Department. The water 
line data were also acquired through the City of Johnston Public Works Department. The 
water line data included sanitary sewer lines, storm lines, and water main lines. The water 
line data were converted to UTM NAD 27 from State Plane South 83 Projection. 
TQ.e elevation data were downloaded from the NRGIS Internet Server as a shape file. 
I 
The elevation data were used to determine water line installation limitations using Spatial 
Analyst. Spatial Analyst was used to determine the proximity of contours in relation to each 
other based on the range and neighborhood analysis. The circle function was used with a 5-
meter cell circumference to determine the variance between present elevations within the 5-
/ 
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cell circle. The areas with the largest variance between elevations were considered a 
limitation for water line installation and implementation. 
The soils data and ISP AID (Iowa Soils Properties and Interpretations Database) 
Database was also downloaded from the NRGIS Internet Site (http://www.igsb.uiowa.edu 
/nrgis/gishome.htm). The ISP AID database is an extensive database table that can be used 
with soil coverages to join specific soil attributes that are not included in the original soils 
attribute table. Attribute tables from the soils coverage and ISP AID database were joined to 
describe the drainage classes, hydric class, and soil erosion class within the study area. 
Criteria 
Officials of the Johnston Building and Zoning office determined the criteria used for 
the residential suitability model. The criteria were selected based on meetings and 
discussions with the City of Johnston officials. We determined that there are ten primary 
factors that need to be addressed when determining the suitability of residential development. 
The primary factors were divided into two groups and modeled separately. They were 
divided into two models because the landscape position and riparian restricted access areas 
were analyzed using an arithmetic model. The remaining factors were analyzed using a 
weighted overlay model in which each factor was assigned a percentage weight. Staff 
members of the City of Johnston Building and Zoning Department determined the percentage 
weight assignments. Their weight assignments are included in Appendix 2-7. 
Weighted overlay model 
The primary factors were used in Arc View and ModelBuilder to create the 
Prescriptive Residential Suitability Model. A diagram of the weighted overlay model is 
included as Figure 13. The primary factors and assigned weights for the weighted overlay 
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model are included in Table 12. The suggested weight assignments are also included in 
Appendix 2-7. The soil drainage class weight assignments were determined without input 
from the City of Johnston Building and Zoning office. The remaining weight assignments 
were determined with the help of the Building and Zoning office personnel. 
----- -.v, 
Figure 13. ModelBuilder diagram 
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The primary factors and assigned weights for the weighted overlay model are 
included in Table 12. The suggested weight assignments are also included in Appendix 2-7. 
The soil drainage class weight assignments were determined without input from the City of 
Johnston Building and Zoning office. The remaining weight assignments were determined 
with the help of the Building and Zoning office personnel. 
Table 12. Weighted overlay assigned values 
Input Theme % Input Label Scale Value 





No Data Restricted 
Distance to Primary 8 0-1972 5 




No Data Restricted 
Distance to Secondary 8 0-312 5 
Roads 312-624 4 
624-936 3 
936-1248 2 
I i 1248-1560 1 
l I No Data Restricted 






No Data Restricted 
Hydric Soils j 10 Not Hydric 5 
I Potentially Hydric 3 I 
I 
No Data Restricted l 
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Table 12 (Conitinued) 





No Data Restricted 
Moderate 5 
Water Main Installation 20 Moderate-Severe 4 
Limitation Areas None 3 
Severe 2 
Slight 1 
No Data Restricted 
Hydric 1 
Soil Erosion Class 20 NA 1 
None 5 
Slight 4 
I No Data Restricted 
I Moderately Well 4 i 
Soil Drainage Class i 11 Moderately Well-Poor 4 
I Poor 2 
l Poor-very poor 1 
I 1 Somewhat excessive 3 
I ! Somewhat excessive-well 3 j 
I 
Somewhat poor 2 I I 
I l Verypoor 1 
I Well 5 I 
I Well-moderately well 5 
I No Data Restricted I 
Weighted overlay model results 
The most influential data layers within the composite model and re-classed composite 
model were landscape position and hydric soils. The data layers that were derived from the 
SURRGO soils data contained specific patterns that were almost identical. The landscape 
position and hydric soils data layer were similar in pattern, which would explain the pattern 
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of the composite map, which used a weighted overlay system. The landscape position data 
layer was used in model 3. 
Arithmetic overlay model 
The second prescriptive model used an arithmetic overlay technique. Landscape 
position was determined using soils attributes. The City of Johnston Building and Zoning 
Department selected criteria for the riparian access restrictions. The arithmetic overlay 
values are shown in Table 13. 
Table 13. Arithmetic overlay assigned values 
Input Theme % Input Label Scale Value 
Landscape Position 50 Concave depressions 0 
Floodplain 1 
Floodplain, Stream 1 
Floodplain, Upland 1 
n,,..,: ;:; .. WHV~ 
Footslooes and/or alluvial 0 
Footslopes and/or alluvial 0 
fans. Stream terraces 
Stream terrace 0 
Stream terrace. Glacial 0 
Stream terrace, outwash 0 
olaines 
Upland Drainage ways, 0 
Footslopes·and/or alluvial 
Upland Swales 0 
Uplands-narrow summits, 0 
i 
sideslones. backslones 
I 1 Uplands-narrow summit, 0 
I I sideslooes. backslooes I I Uplands-narrow summit, 0 I 
I sideslopes, backslopes, 
i Concave deoressions 
No Data 0 
Riparian Access 50 Restricted I 1 
Restrictions Unrestricted 0 
No Data 0 
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Map results from both the weighted overlay and arithmetic overlay models were combined 
using the Map Calculator function in the Spatial Analyst Extension. The arithmetic model 
results were reclassified to values ranging from 0-5. The reclassified categories each 
defined areas restricted to residential development. The results of the weighted overlay 
model also had a range of 0-5. The arithmetic model was reclassified so that when the 
reclassified model was subtracted from the weighted overlay model, the result would be a 
model including ten categories. Using the Map Calculator to subtract the models and create 
ten categories created a merged model that defined areas of high, moderate, moderate low, 
and low residential suitability as well as six areas restricted to residential development. 
The merged model was reclassified into five categories to create the prescriptive residential 
suitability model. 
The estimated area of the Cities of Grimes and Johnston for the year 2015 was 
overlaid with the prescriptive residential suitability model to determine which areas were 
categorized as 1/3-acre residential and I-acre residential development. The modeling process 
was completed using the following techniques: 
• Area of growth was determined using the Arc View distance function. 
• Overlay of distance analysis theme and appropriate development areas 
• Measured areas within each concentric ring intersected current 
development and descriptive modeling of residential development 
criteria results. 
The portions within the estimated growth for the year 2015 were assigned curve numbers for 
1/3-acre residential plots. The areas outside of the estimated growth area were assigned 
curve numbers corresponding to I -acre residential development. 
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Results 
The Johnston prescriptive residential suitability model shows a strong corridor pattern along 
the Little Beaver Creek stream corridor. The strong linear pattern is due to the 
increased gradients and restricted riparian access criteria. The remaining portion of the Little 
Beaver Creek watershed is predominantly high suitability or moderate suitability (see 
Figure 14). The suitability classifications are summarized in Table 14 by cumulative 
hectares. 
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, Figure 14. Johnston prescriptive residential suitability model 
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Table 14. Johnston prescriptive suitability model classification 
Suitability Classification Hectares % of Watershed 
High Residential Suitability 1648 56 
Moderate Residential Suitability 13 1 
Low Residential Suitability 1071 37 
Restricted 178 6 
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Dallas County riparian management modeling 
The Dallas County Riparian Management Model was based on mapping criteria 
developed by the Dallas County Conservation Board. Dallas County developed mapping 
criteria to determine areas of Dallas County that should be untouched for conservation, 
recreation, and greenbelt purposes. The mapping criteria were completed as a component of 
the ~ccoon River Greenbelt Study. The mapping criteria designates critical areas based on 
ten criteria including: 
• Landscape Position (Terrace, Footslope, Valley wall, and 
Small valley bottom) 
• Floodplain as defined by USDA Soil Survey Report 
• Slope/ Gradient (>25%) 
• Publicly owned land for purpose of conservation of 
natural resources or public recreation. 
• Historic significant sites 
• Archaeological significant sites 
• Important, endangered, or rare plant and animal species 
• Geologically significant areas 
• Hydrological significant areas 
• Dallas and Polk County Rivers {<1,000 ft.) 
Data 
I used the same criteria to select primary factors to prescribe development restriction 
areas for the Dallas County Riparian Management Model. The data used for the prescriptive 
model was obtained from several government agencies. The data was converted into UTM 
NAD 27 coordinate system and projection unless it was already in the appropriate format. 
The primary data are shown in Table 15. The soils data were downloaded from the IDNR 
website. The soils theme was used to derive landscape position, slope/gradient, and 
floodplain areas. 
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The publically owned land areas were obtained from the Iowa Army National Guard 
Environmental Branch, NRGIS conservation easement areas, Army Corp of Engineers. The 
Camp Dodge Military Reservation located north of Johnston, is owned jointly by the State of 
Iowa and the Federal government and includes approximately 4,500 acres (1,820 Hectares). 
The Saylo~ille Reservoir Conservation area is owned by the Army Corp of Engineers and 
encompasses 1,602 hectares surrounding Saylorville Lake. The Camp Dodge Military 
Reservation and Saylorville Reservoir Conservation Area are the largest conservation areas 
within the study area 
Table 15. Primary data for Dallas County riparian management model 
Data Location Dataset Contact 
Landscape Position County Soil Coverage John Pearson 
! 
Floodplain County Soil Coverage John Pearson 
Slope/ Gradient County Soil Coverage John Pearson 
Publicly Owned Land for Iowa Army National Guard Donna Kluss 
purpose of conservation or Corp of Engineers 
recreation IDNR 
Historically significant sites J State Historical Office Berry Bennett 
.. 
Archaeological significant 1 IDNR John Pearson 
sites 
Important, endangered, or I Iowa Army National Guard Mary Jones 
rare flora and fauna i 
Geologically significant area l US Geologic Survey Office 
I 
Deb Quade 
Hydrologically significant 1 US Geologic Survey Office, , Deb Quade 
areas 'IDNR I 
Polle County rivers ! IDNR John Pearson 
l 
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The historically significant sites were obtained from the State Historical Society of 
Iowa and the Iowa Army National Guard Environmental Branch. Berry Bennett provided 
data on historic sites within the study area and the City of Grimes. In the City of Grimes 
there are 34 structures or sites listed by the State Historical office. The sites included 
primarily houses as well as a grain elevator, church, library, and two banks. There were nine 
structures listed by the State Historical office that exist outside of the Grimes and Johnston 
city limits, but within the study area. 
There were no records of archaeological significant sites by the Department of 
Natural Resources within the Little Beaver Creek watershed. There are several records of 
historic sites that are located within Camp Dodge and along Beaver Creek. 
The endangered and threatened fauna and flora species lists were obtained from the 
Iowa Anny National Guard Environmental Branch and the Department of Natural Resources 
office located in Des Moines, Iowa. The endangered and threatened species list included 
seven occurrences of fauna species shown in Table 16. 
Table 16. Endangered/ threatened species in Little Beaver Creek watershed study area 
Scientific N rune Common State Listed County Township- Section 
Name Name Range 
1 Accipiter cooperii Cooper's Unavailable Polk 80N, 25W 25 
Hawk 
2 Notropis heterolepis Blacknose I Threatened Polk 79N, 25W 13 
Shriner ' 
3 Etheostoma zonaie Banded Unavailable Polk 79N,25W 13 
Darter 
4 Etheostoma Mud Darter Unavailable Polk 79N, 25W 13 
asprigene 
5 Emydoidea Blanding's Unavailable Polk 80N,25W 19 
blandingll Turtle I Dallas 80N, 26W 13 I 




The Endangered and Threatened flora species were derived from the National Wetlands 
Inventory coverage available through the Iowa Department of Natural Resources website. 
The geologic and hydrologically significant areas included rivers and alluvial 
aquifers. The areas wthin 1,000 feet of rivers including portions of the Des Moines River, 
Beaver Creek River, Rock River, and Walnut Creek that were set as restricted in a separate 
arithmetic model that was combined with the weighted overlay model using the Map 
Calculator. 
Process 
The primary factors were mapped using Arc View and ModelBuilder to create the 
initial Prescriptive Managment Model. I used a weighted overlay model to determine areas 
that would be restricted from residential development. The restricted areas included 686 
hectares (23 percent) of the study area. 
L~gend 





Figure 15. Dallas County prescriptive management model 
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I used a second weighted overlay process to develop a suitability model which 
showed development suitability based on aquifer vulnerability, distance to wetlands, distance 
to endangered/ threatened species, and riparian greenways. The model diagram is included 
as Figure 16. The model parameters are shown in Table 17. 
Figure 16. Dallas County development suitability model 
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Table 17. Input model values for Dallas County riparian management model 
Input Theme % Influence Input Label Scale Value 
Aquifer Vulnerability 5 Alluvial Aquifers 
Drift groundwater 
source 
Variable Bedrock ' -
aquifers 
No Data Restricted 






No Data Restricted 






No Data Restricted 
Endangered/ Threatened I 15 Blacknose Shriner 
Areas I Blanding' s Turtle 
I 
I Cooper's Hawk 
j 
i Great Blue Heron 
I Plains Pocket Mouse I 
i No Data Restricted I 
I 
Buffered Rivers 140 0-1000 feet 
I 
i > 1000 feet Restricted I 
100 
The initial prescriptive management model grid was merged with the second weighted 
overlay model using the ArcView Xtools extension. The residential development restricted 
areas were maintained in the Prescriptive Riparian Management model. There were minimal 
changes from the prescriptive management model because the areas defined as restricted in 
the second overlay model were already defined as restricted in the prescriptive management 
model (see Figure 17). 





The suitable areas for residential development included 2,271 hectares of the Little 
Beaver Creek watershed. The restricted areas included 686 hectares of the study area. The 
cumulative hectares and overall percent are shown in Table 18. 
Table 18. Dallas County riparian management model classification 
Sui tabilitt Classification Hectares % of Watershed 
Unrestricted 2,271 77 
Restricted 686 23 
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TR-55 modeling 
The peak flow and overland flow of Little Beaver Creek can be estimated using a 
hydrologic model. The results of the modeling will provide useful evidence for land use 
decision analysis. The City of Grimes will be able to determine which sub-basins are in need 
of runoff mitigation, channel enhancement, and restrictive development measures. The 
estimated peak discharge of the Little Beaver Creek based on the current conditions and 
predicted conditions will provide insight for those concerned with the effects of future 
residential development including the environmental staff of Camp Dodge. There were six 
necessary objectives included as part of this project which are listed in sequential order: 
• Specify and delineate study area 
• Develop descriptive models of Grimes residential growth 
• Develop Arc View data themes 
• Collect field data 
• Calculate tabular data sets 
• Model overland flow and peak discharge using TR-55 model 
• Determine implications of results for watershed management 
Tools 
I completed my project using two computers. I used a computer in a College of 
Design College computer lab to download data. Installed in the PC were Windows 95, 
Pentium Pro® II Processor and 128 megabytes of RAM. I used the C:/ drive to save the files 
before transferring them by Zip disk onto my PC. Installed in my PC is Windows 98, 
Pentium® III Processor and 192 megabytes of RAM. I used the C:/ drive to save my project. 
The C:/ drive listed 9 .34 gigabytes used with 3 .5 gigabytes free space. 
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The software I used included Arc View 3 .2, Microsoft Excel, Blue Marble Geographic 
Transformer, Photoshop 5.5, Polacolor Insight, and AutoCAD Land Development Desktop. I 
also used the Arc View extensions Image Analyst, 3D Analyst, and Spatial Analyst. 
The Global Positioning System (GPS) I used to complete the fieldwork for this 
project was a RACAL survey grade GPS. The GPS unit was used to collect point data and 
elevation data at sub-watershed outlet transects to calculate the cross section area and wet 
perimeter of the channel. 
Technical Release 55 (TR-55) avenue script 
The hydrologic model that I used for this project originated from two sources. The 
original Technical Release Manual and model were written and created by the US 
Department of Agriculture Soil Conservation Service (SCS). The SCS model is an 
executable application that is not Windows compatible, but runs in the MS-DOS 
environment. I decided to use the tables and formulas in the Technical Release manual with 
TR-55 Arc View Avenue scripts developed by Ferdi Hellweger from the University of Texas 
(Hellweger 2000). The TR-55 scripts include three Avenue scripts used to compete a three 
step modeling process. The first script, Tabhydl, initiates the hydrograph calculation 
environment. The second script, Tabhyd2, calculated the hydrograph based on the values 
entered into the watershed's sub area data layer and stream data layer. The script utilizes the 
Tabular hydrograph method by using hydrograph tables developed from the TR-20 
hydrologic model. The third script, Tabhyd3, initiates the editing environment for the sub 
area and streams data layer. The script allows users to define the sub area identification 
number, square miles, curve number, and time of concentration value. The script also allows 
users to define the stream identification number and the time of travel for the watershed. 
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Process outline 
There were several steps necessary to complete this project. The four main steps 
necessary to complete the hydrologic modeling included the following: existing data 
retrieval, fieldwork, tabular calculations, and running the TR-55 model. The four main steps 
can b~ divided into a chronological list of the steps taken during the hydrologic modeling 
process: 
• Complete descriptive modeling of the City of Grimes growth 
• Create stream data layer 
• Create sub-watershed delineation 
• Derive average slope 
• Measure sectional area of outlets 
• Measure wet perimeter 
• Determine curve Numbers 
• Calculate time of travel 
• Calculate time of concentration 
Descriptive modeling of residential growth 
Descriptive modeling of the residential growth of Grimes relied on four primary data 
sources. The first, aerial imagery, on the Internet at http://ortho.e:is.iastate.edu provided 1989 
aerial photos of the study. The second and third, the Polk County and Dallas County Farm 
Service Agency offices, provided aerial photo compliance slides in a 35 mm format. The 
Farm Service Agencies has photos for every year between 1960 and 1999. The compliance 
photos from 1985, 1990, 1995, and 1999 were scanned and geo-referenced. Farm Service 
Agency compliance photos were selected from the last decade because most of the 
urbanization in the study area occurred during that time. 
The photos were scanned using a Polaroid slide scanner and Polacolor Insight 
software. The images were mosaiced in Photoshop 5 .5 and then geo-referenced using the 
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Image Analyst Arc View extension. There is distortion in the photos due to mosaicing the 
images in Photoshop before geo-referencing. Distortion was also evident in the original 
35mm compliance slides because of tilt and radial distortion. 
The fourth data source was aerial imagery from the Central U.S. High Altitude 
Photography Project. The Project was administered by the US Department of the Interior 
and the US. Geological Survey Topographic Division. Index photos were purchased from 
the US Geological Survey including years 1963 and 1976. The photos were scanned using 
Scan Wizard and geo-referenced using Geographic Transformer. 
Descriptive modeling of the City of Grimes provides evidence that there has been 
significant urban growth within Grimes and the Little Beaver Creek watershed ( see Appendix 
2-8). The City of Grimes experienced urban growth between each pair of years included in 
the residential growth analysis. The growth experienced between each pair of years is 
included in Table 19. 
Table 19. City of Grimes growth of urbanized area 











The City of Grimes is centrally located within the Little Beaver Creek watershed and has a 
direct impact on the overland flow to Little Beaver Creek. There are three segments of Little 
Beaver Creek that are located within the residential areas of Grimes. The potential urban 
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growth of Grimes may have a direct impact on the Iowa Army National Guard Camp Dodge 
Reservation as well. The increased residential growth will increase traffic near Camp Dodge 
facilities and affect the volume of water flowing through Beaver Creek on Camp Dodge 
prope1ty (see Figure 18). 
• Llttle ·Se~v~r Creekwat~rstied owtlet 
Figure 18. Grimes and Little Beaver Creek impact area 
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TR-55 modeling 
The TR-55 ArcView scripts used for this project were limited in their functionality. For the 
scripts to function properly, I divided the Little Beaver Creek watershed into three sub areas. 
The sub areas were selected based on stream flow and cumulative area. The sub areas 
included sub-watersheds delineated using the Grimes DRG. The sub-watersheds are shown 
in Figure 19. 




The sub-watersheds were used to complete the TR-55 modeling. The watershed was 
subdivided because the time of concentration and time of travel values of the entire 
watershed extend beyond theTR-20 table values used by the ArcView hydrograph scripts. 
Each sub-watershed was used to calculate the overland flow resulting from a type II 
6" rainfall event to compare scenarios of future land cover. The type II rain event refers to 
the unit peak discharge calculation for rainfall distribution during the modeled storm event. 
Three alternative models were run for each sub-watershed using three different types of land 
107 
cover. The three types of land cover compared included historic vegetation, straight row 
cropping and residential development. 
Little Beaver Creek stream data layer 
The original stream data layers that cover Polk and Dallas County were downloaded 
from the Natural Resources Geographic Information System (NRGIS) library. The Little 
Beaver Creek stream segments were clipped from the original data layers and checked for 
proper flow direction. Unfortunately, three segments of the original data layer were digitized 
in the uphill direction. The direction of the three stream segments was changed using 
AutoCAD Land Development Desktop (LDDT) instead of using ArcINFO. The stream 
segments were re-digitized using the snapping functions in AutoCAD. LDDT was also used 
to connect (snap) the stream segment nodes to the sub-watershed outlet nodes. 
Little Beaver Creek sub-watershed data layer 
The Little Beaver Creek sub-watershed data layer was created using the Grimes 
Digital Raster Graphic (DRG). The Grimes 1 :24,000 scale USGS topographic map was 
downloaded from the Iowa Geographic Image Map Server Internet page as a DRG. The 
DRG was used to digitize th.e Little Beaver Creek watershed and sub-watershed boundaries 
in Arc View. The DRG is a topographic map that includes contours, which enable users to 
delineate the flow of water over the topographic features. The outlet nodes of the sub-
watersheds were checked to verify if they intersected the stream end nodes using LDDT. 
Slope calculation 
The average slope of each stream segment was used to calculate the sheet flow, 
shallow concentrated flow and channel flow within each sub-watershed (See Figure 6). The 
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average slope was calculated using the Grimes DEM. The elevation at the head and tail of 
each stream segment was identified using the DEM and the identify tool. The average slope 
was calculated by dividing the difference between the head elevation (in feet) and the tail 
elevation (in feet) of the stream by the length of the stream segment (in feet). 
Field data 
To complete this watershed modeling, field data were gathered to estimate the cross-
sectional flow area and wet perimeter for each sub-watershed in the Little Beaver Creek 
watershed. The cross-sectional flow area and wet perimeter were needed to estimate the 
channel flow to determine the time of concentration for each sub-watershed. The 
measurements of the sub-watershed outlet channel were determined using RACAL Global 
Positioning System point data. 
The point data were recorded along a transect of the outlet channel. The point data 
included Northing, Easting, and altitude ( elevation). A series of individual points were 
selected approximately four feet apart. The interval varied over each transect so that the 
variations in slope would be measured with minimal data capture. The point data were 
exported from the RACAL GPS into Import Wizard Pro. Import Wizard Pro imports the 
source data as standard query language (SQL) text and converts the source data into an 
Arc View shape file. The Arc View shape file was then imported into AutoCAD Land 
Development Desktop because the drawing and measurement tools within Arc View 3D 
analyst are limited and do not allow users to specify the user coordinate system (UCS) or x, y 
and z direction. The UCS needs to be re-defined so the ortho (straight line) function can be 
used to draw vertical lines. When the vertical lines are properly drawn, the distances can be 
measured accurately. 
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Cross sectional area 
The cross sectional area of each sub-watershed outlet was calculated using the 
elevation change as an indicator of depth. The depth, in feet, at each transect point was used 
to determine the cross sectional area using the mean-section method. The mean-section 
method uses the interval and depth values of the channel transect to measure the cross 
sectional area of the channel. The following formula is used to calculate the area per section, 
from depth 1 to depth 2, then depth 2 to depth 3, and so on: 
Al= (dl +d2)/2 *II 
d 1 = depth at transect point 1 
d2= depth at transect point 2 
II= length of interval between point 1 and point 2 
Al= section area between point 1 and point 2 in square feet 
The section area values are added together to determine the cross sectional area in square feet 
(see Appendix 2-9). 
Wet perimeter 
The wet perimeter of each sub-watershed was also estimated using AutoCAD Land 
Development Desktop. The wet perimeter is the portion of the riverbed that comes into 





The curve nwnbers for each sub-watershed of the Little Beaver Creek watershed were 
selected for three different land cover types: historic vegetation, straight row cropping and 
residential development. The composite curve numbers for each sub-watershed were 
determined using the soils data theme. The composite curve numbers were determined by 
area-weighted average: multiplying the curve number for each soil type within the sub-
watershed by the area of the soil in acres. The resulting product was divided by the total area 
to derive the area-weighted average curve number for each sub-watershed. The average 
curve number was calculated for each sub-watershed. For each sub-watershed the average 
curve number was calculated for each land cover type: historic vegetation, straight row 
cropping and residential development ( see Appendix 2-11, 2-13, and 2-15). 
Time of travel 
The time of travel was calculated for each sub-watershed. The time of travel was 
divided into three types of flow: 
• Sheet flow 
• Shallow concentrated flow 
• Channel flow 
The sheet flow length was less than 300 feet total for each sub-watershed. The sheet flow 
length was adjusted if the maximum time of concentration or travel time were exceeded. The 
time of travel was determined using the formula: 
Tt= (.007 (nL)"'.8) I (P21'.5*s1'.4) 
n = Manning's roughness coefficient 
L = Flow length 
P2 = Two year 24 hour rainfall event 
S = Slope 
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The travel time estimates were completed for each sub-watershed. For each sub-watershed 
the travel times were estimated for each land cover: historic vegetation, straight row cropping 
and residential development (see Appendix 2-12, 2-14, and 2-16). 
Time of concentration 
The time of concentration was estimated by adding the time of travel values within 
each sub-watershed. The time of concentration was estimated for each sub-watershed. For 
each sub-watershed, the time of concentration was estimated for each land cover: historic 
vegetation, straight row cropping and residential development (see Appendix 2-12, 2-14, 
and 2-16). 
Modeling parameters 
The first model used historic vegetation as the land cover. The curve number for the 
sub-watersheds was determined using Technical Release manual and the GLO data layer, 
hydrologic condition of "II", and "dry" as the antecedent precipitation value. The tabular 
hydrograph was determined using field data for travel time and time of concentration 
calculations, average slope per areas using the Grimes DEM, and SCS tabulation tables. The 
sub-watershed were delineating by digitizing the DRG before importing them into LDDT to 
check for stream and sub-watershed node intersection. The Xtools extension and Map 
Calculator function were used to calculate area for each sub-basin. 
The second model used agricultural conditions, straight row cropping methods, for 
curve number determination. The curve number for the sub-watersheds was determined using 
the TR-55 Technical Release Manual, Hydrologic condition of"II", and "dry" as the 
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antecedent precipitation value. The tabular hydrograph was determined using field data for 
travel time and time of concentration calculations, average slope per areas using the Grimes 
DEM, and SCS tabulation tables. 
The third model estimated the overland flow and peak discharge of the Little Beaver 
Creek watershed based on completed development conditions. The curve number for the sub-
watersheds was determined using the TR-55 Technical Release Manual, Hydrologic 
condition of "II", and "dry" as the antecedent precipitation value. The tabular hydrograph 
was determined using field data for travel time and time of concentration calculations, 
average slope per areas using the Grimes DEM, and SCS tabulation tables. 
TR-20 modeling 
The TR-20 model was the second model used to estimate the hydrologic effects of 
residential development in the Little Beaver Creek watershed. The TR-20 model was used 
because of its structure, reservoir, and routing capabilities. The effect of development was 
determined by comparing overland flow of four types ofland cover. Portions of the TR-55 
data were used to run an. initial TR-20 model for Little Beaver Creek watershed using straight 
row cropping as the dominant land cover. 
Model data 
The TR-55 stream and sub-watershed data layers were incorporated into the initial 
TR-20 model. The cross section flow area calculations from the TR-55 modeling were also 
utilized for the first TR-20 model using the GLO land cover (Appendix 2-9). 
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TR-20 model calibration 
Initial model parameters 
The initial TR-20 model used straight row cropping as the predominant land cover. 
The curve number for the sub-watersheds was determined using ST ATSGO GIS data theme, 
hydrologic condition of "II", and "dry'' as the antecedent precipitation value. The tabular 
hydrograph was determined using Trimble field data for travel time and time of 
concentration calculations, average slope per areas using the Grimes DEM, and SCS 
tabulation tables. The sub-watershed delineating and area calculations were taken from TR-
55 sub-watershed tables. The sub-watershed delineations are included in Figure 20. 
Figure 20. TR-20 sub-watershed delineation 
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The data were used to create a data file in the TR-20 input module (Appendix 2-17). A 
diagram of the sub-basin routing assignment is included in Appendix 2-18. The input text 
file was checked with the TR-20 debugging software from the USGS and by USDA 
hydrologist. 
The estimated discharge results of the initial TR-20 model proved to be unsatisfactory 
because of the peak discharge values. The peak discharge for a watershed approximately 12 
square miles and predominantly cropland should be significantly lower for each scenario 
based on the Iowa Runoff Discharge Table and estimation method. The summarized results 
are included in Table 20. The extended initial TR-20 results are included in Appendix 2-19. 
Table 20. Initial model summary results (in cubic feet per second) 
Watershed 2 Year- 5 Year- 10 Year- 25 Year- 50 Year-
Outlet 24hr Q 24hr Q 24hrQ 24hrQ 24hrQ 
Outlet I 769 1107 1378 1688 1938 
Outlet 2 407 596 749 928 1059 
Outlet 3 770 1126 1407 1710 1960 
Outlet 4 1416 2069 2552 3118 3553 
Outlet 5 1087 1569 1958 2399 2744 
Outlet 6 272 395 494 607 690 
Outlet 7 3010 4377 5477 6689 7596 
Outlet 8 303 441 551 676 774 
Outlet 9 951 1383 1729 2124 2420 
Outlet 10 807 1169 1465 1804 2043 
Outlet 11 741 1079 1343 1648 1879 
Total 8,365 12,165 15,194 18,684 21,299 
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I tried to match results of Iowa Runoff Discharge Tables as well as the "Method for 
estimating the magnitude and frequency of floods at ungaged sites on unregulated rural 
streams in Iowa" in order for the TR-20 model to produce reasonable results. I tried to match 
the discharge rates of the Little Beaver Creek watershed with a small gaged watershed within 
the vicinity. The predominant land cover types were similar between each watershed as well 
as the hydrologic characteristics. The hydrologic characteristics included gradient, 
hydrologic region, stream segment lengths, and average yearly rainfall. The "Method for 
estimating the magnitude and frequency of floods at ungaged sites on unregulated rural 
streams in Iowa" couid not solely be used for calibration because of the inconsistencies in the 
data near the Little Beaver Creek watershed and the limitation of the method for calculating 
discharge for small watersheds in the area of Iowa designated as the fourth Hydrologic zone. 
I used the Iowa Runoff Discharge Table to determine the peak rate of runoff for Little 
Beaver Creek watershed based on the 50-year frequency. The approximate peak rate of 
runoff or discharge for a 12 square mile watershed in central Iowa is approximately 4,880 
cfs. As can be seen in Table 12, the peak discharge measured 21,299 cfs according to the 
TR-20 trial run. The native vegetation coefficients were used because of a lack of detention 
pond elevation and storage calculations. The Iowa Runoff Table is based on a typical Iowa 
watershed land cover that is primarily cropland (Fox Engineering 2001). The model was run 
several times using cropland as the dominant land cover negating the lack of detention pond 
data to calibrate the TR-20 Model. 
Calibration methods 
Several methods were used to determine the reason for the unexpectedly high TR-20 
results. There were several factors involved in the modeling process that were re-analyzed, 
including cross-section elevations, cross-section calculations, Time of concentration and 
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Time of travel values, and designated bank full elevations. I ran the model several times 
after making modifications to the data to improve the accuracy of elevations and factor 
calculations. I changed several factors in each run including the following: 
1. Derived Leica GPS Cross-Sections 
2. Changed channel section Area Extents ( 4 ft additional extrapolation) 
3. Re-calculated Tc, Tt values 
4. Extrapolated additional cross-sectional floodplain area above derived 
bank full elevation 
5. Raised bank full elevation (minimum 1 ft. additional extrapolation) 
By increasing the accuracy of the elevations and reconfiguring the calculation techniques, the 
model results improved with each run. The changes that made the most significant 
improvements included using the Leica GPS to GPS elevations, changing the channel area 
section extents, and re-calculating the Time of concentration and Time of travel values for 
each sub-watershed. The addition of cross section area to each sub watershed outlet had little 
impact on the results of the model as well as raising the bank full elevation. 
The calibrated TR-20 model used straight row cropping as the predominant land 
cover. The curve number for each sub-watershed was determined using STATSGO GIS data 
layer, hydrologic condition of "II", and "dry" as the antecedent precipitation value. The 
tabular hydrograph was determined using Leica GPS field data for travel time and time of 
concentration calculations, average slope per areas using the Grimes DEM, and SCS 
tabulation tables. The sub-watershed delineating and area calculations were taken from TR-
55 sub-watershed tables. The data were used to create a data file in the TR-20 input module 
(Appendix 2-20). A diagram of the routing assigmnent is included in Appendix 2-21. 
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Resulting calibrated model results 
The results of the calibrated TR-20 model were well within the Iowa Runoff and 
discharge table predicted discharge that is based on the 50-year frequency. The predicted 
discharge for Little Beaver Creek base on the 5 0-year frequency storm is estimated at 
4, 812 cfs in the Iowa Runoff discharge table. There is an error rate of ±30 percent for the 
Iowa Runoff discharge estimates. The TR-20 model estimated discharge for the Little 
Beaver Creek based on the 50-year frequency storm at 4,752 cfs. The difference between 
estimates is less than 2 percent. The summarized results of the TR-20 model are included in 
Table 21. The extended calibrated TR-20 results are included in Appendix 2-23. 
Table 21. Calibrated model summary results (in cubic feet per second) 
Watershed 2 Year- 5 Year- 10 Year- 25 Year- 50 Year-
Outlet 24hr Q 24hr Q 24hrQ 24hrQ 24hrQ 
Outlet 1 110.1 161.0 248.9 284.6 320.5 
Outlet 2 87.1 127.4 197.0 225.3 253.7 
Outlet 3 · 139.8 204.3 315.9 361.3 406.8 
Outlet 4 188.5 275.6 426.1 487.2 548.5 
Outlet 5 220.7 322.7 498.9 570.5 642.4 
Outlet 6 54.4 79.5 123.0 140.7 158.4 
Outlet 7 485.9 710.3 1098.3 1255.8 1413.8 
Outlet 8 68.8 100.5 155.4 177.8 200.2 
Outlet 9 211.7 309.4 478.5 547.3 616.3 
Outlet 10 159.8 233.6 361.2 413.1 465.1 
Outlet 11 144.4 211.1 326.4 373.2 420.2 
Total I 1,631.0 2,384.3 3,689.2 4219.6 4752.7 
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TR-20 model parameters 
Four final models were run for Little Beaver Creek watershed using four different 
types of land cover. The four types of land cover used included native vegetation, current 
land cover, Johnston prescriptive suitability modeling results, and the Dallas County riparian 
management modeling results. There were six objectives this part of the project which are 
listed in sequential order: 
• Verify sectional area of outlets with Leica OPS 
• Verify wet perimeter with Leica OPS 
• Determine curve numbers 
• Calculate time of travel 
• Calculate time of concentration 
Field data 
To complete this project, field data were gathered to estimate the cross-sectional flow 
area and wet perimeter for each sub-watershed in the Little Beaver Creek watershed. The 
cross-sectional flow area and wet perimeter were needed to estimate the channel flow to 
determine the time of concentration for each sub-watershed. The measurements of the sub-
watershed outlet channel were determined using a survey grade Leica Global Positioning 
System. 
The point data were recorded along a transect of the outlet channel. The point data 
included Northing, Easting, altitude (elevation), and projected error values. The individual 
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points were taken approximately two feet apart. The interval varied over each transect so 
that the variations in slope were captured with minimal data capture. The point data were 
exported from the Leica GPS into GIS-DataPro. The GPS raw data can then be exported as 
an Arc View shape file. The Arc View shape file was imported into AutoCAD Land 
Development Desktop. The cross sections were drawn utilizing the imported shape file and 
cross-section elevation tables (Appendix 2-23). 
The Leica GPS unit collected elevation data pertaining to the elevation off of the 
WGS-84 ellipsoid. The geoid99 configurations and Firmware were not installed during the 
cross-section data collection. The orthographic height could not be determined without the 
proper geoid field file attached to the GPS rover equipment and the geoid99 executable file 
attached to the coordinate system in GIS DataPro. The ellipsoid height was sufficient for the 
cross-section analysis because the TR-20 model used numerical entries to determine the 
slope, velocity, and time of concentration and travel time. The cross-section calculations are 
used to determine the cross-section areas independent from each other in the TR-20 modeling 
process. 
Cross-sectional area 
The cross sectional area of each sub-watershed outlet was calculated using the 
elevation change as an indicator of depth. The depth, in feet, at each transect point was used 
to determine the cross-sectional area using the mean-section method. The mean-section 
method uses the interval and depth values of the channel transect to measure the cross-
sectional area of the char1nel. The following formula is used to calculate the area per section, 
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from depth 1 to depth 2, then depth 2 to depth 3, and so on: 
Al= (dl+d2)/2 *Il 
dl = depth at transect point I 
d2= depth at transect point 2 
II= length of interval between point I and point 2 
A 1 = section area between point 1 and point 2 in square feet 
The section area values are added together to determine the cross-sectional area in square feet 
(see Appendix 2-24). 
Wet perimeter 
The wet perimeter of each sub-watershed was also estimated using the Leica GPS 
field data elevations and AutoCAD Land Development Desktop. The wet perimeter of each 
sub-watershed is included in Appendix 2-24. 
Tabular data 
Structures 
There are three structures within the Little Beaver Creek Watershed, which have a 
direct impact on overland flow and stream discharge. Due to the elevation s and locations of 
the three structures, only one structure was used for the TR-20 modeling. The structure 
elevations and locations were derived using the Leica Global Positioning System (See 
Appendix 2-25). The elevation data was used to determine storage volume of the structure in 
acre-feet. 
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Detention storage volume 
There is one detention storage area locate at the intersection of sub-watershed outlets 
1 and 2, and the inlet for sub-watershed 3. The volume estimates were included in the TR-20 
modeling. The detention storage area occurs as an upstream storage area the previously 
mentioned structure. 
Curve numbers 
The curve numbers for each sub-watershed of the Little Beaver Creek watershed were 
determined for four scenarios: historic vegetation, current conditions, Johnston prescriptive 
suitability model and the Dallas County Riparian Management Model. The land cover maps 
used to derive appropriate curve numbers for each scenario are included in 31. The 
composite curve numbers for each sub-watershed were determined using the soils data 
theme. The composite curve numbers were calculated by multiplying the curve number for 
each soil type within t.1-ie sub-watershed by the area of the soil in acres. The resulting product 
was divided by the total area to derive the area-weighted average curve number for each sub-
watershed. For each sub-watershed, the average curve number was calculated for each land 
cover scenario: historic vegetation, year 2020 projected conditions, Johnston prescriptive 
suitability model and the Dallas County Riparian Management Model. 
Time of travel 
The time of travel was estimated for each sub-watershed. The time of travel was 
divided into three types of flow: 
• Sheet flow 
0 Shallow concentrated flow 
• Channel flow 
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The sheet flow length was less than 300 feet total for each sub-watershed. The time of travel 
was determined using the following formula: 
Tt= (.007 (nL)A.8) / (P2'".5*sA.4) 
n = Manning's roughness coefficient 
L = Flow length 
P2 = Two year 24 hour rainfall event 
S = Slope 
The travel time estimates were completed for each sub-watershed. For each sub-watershed 
the time of concentration was estimated for each land cover scenario: historic vegetation, 
current conditions, Johnston prescriptive suitability model and the Dallas County Riparian 
Management Model 
Time of concentration 
The time of concentration was estimated by adding the time of travel values within 
each sub-watershed. The time of concentration was estimated for each sub-watershed using 
the cross-section areas calculated from the Leica field data. For each sub-watershed, the time 
of concentration was estimated for each land cover scenario: historic vegetation, current 
conditions, Johnston prescriptive suitability model and the Dallas County Riparian 
Management Model. 
TR-20 calibrated modeling 
GLO model parameters 
The first TR-20 model scenario used historic vegetation as the land cover. The curve 
number for the sub-watersheds was determined using STATSGO GIS data layer and TR-55 
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Tables. The hydro logic condition of "II" and the "dry" antecedent precipitation value was 
used for the GLO model. The tabular hydrograph was determined using field data for travel 
time and time of concentration calculations, average slope per areas using the Grimes DEM, 
and SCS tabulation tables. The estimated discharge for each individual sub-watershed is 
summarized in Table 22. The extended calibrated TR-20 results are included in Appendix 
2-39. The Leica cross-section calculations, time of concentration and time of travel values, 
and derived curve numbers were used to create the TR-20 data input file which is included in 
Appendix 2-27. A diagram of the sub-basin routing assignment is included in Appendix 2-
28. 
Table 22. Final GLO TR-20 modeling results 
Watershed 2 Year- 5 Year- 25Year- 50 Year- 100 Year-
Outlet 24hr Q 24hr Q 24hrQ 24hrQ 24hrQ 
Sub-Watershed 1 39 73 140 170 200 
Sub-Watershed 2 31 58 111 134 158 
Sub-Watershed 3 50 92 178 215 254 
Sub-Watershed 4 67 125 240 290 343 
Sub-Watershed 5 80 146 281 340 402 
I 
Sub-Watershed 6 19 36 69 84 99 
Sub-Watershed 7 188 341 · 645 778 916 
Sub-Watershed 8 25 45 87 106 125 
Sub-Watershed 9 77 141 270 326 385 
Sub-Watershed 10 58 106 203 246 291 
Sub-Watershed 11 52 96 184 222 263 
Watershed Total 6,12.6 1,110 2,107 2,545 3,000 
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The TR-20 model calculates the estimated outflow of each sub-watershed as well as the 
cumulative discharge for each sub-basin. 
Assumptions 
There were several assumptions that were made to complete the TR-20 model. The 
assumptions that were made for the GLO model scenario included: 
• Manning's coefficient used for the prairie land cover sufficiently 
estimates runoff and infiltration 
• GPSd cross-sections provided sufficient discharge area for the 
TR-20 model calculations 
• TR-20 cross-section area extrapolations would not severely 
affect the peak discharge estimates 
• The channel resistance is the same for the entire stream segment 
• Stream channel cross-section does not fluctuate dramatically 
from the segment inlet to the segment outlet, and 
• Entire length of stream is exposed alluvium soil for particular 
stream segments. 
Predicted conditions model parameters 
The second model used 1999 aerial imagery and the results of the linear regression 
modeling to predict the projected year 2020 land cover conditions. The linear regression 
modeling predicted the City of Grimes to expand to 420.2 hectares by the year 2020. The 
1999 land cover map was re-digitized to reflect the estimated city boundary changes. 
The Leica cross-section calculations, time of concentration and time of travel values, 
and derived curve numbers were used to create the TR-20 data input file which is included in 
Appendix 2-29. A diagram of the sub-basin routing assignment is included in Appendix 
2-30. 
The TR-20 model calculates the estimated outflow of each sub-watershed as well as 
the cumulative discharge for each sub-basin. The estimated discharge for each individual 
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sub-watershed is summarized in Table 23. 
The curve number for the sub-watersheds was determined using STATSGO GIS data 
theme and the projected year 2015 land cover, hydrologic condition of "IT", and "dry" as the 
antecedent precipitation value. The curve numbers for each sub-watershed were derived 
from the Linear regression model results and the 1999 land cover. 
Table 23. Final predicted land cover TR-20 modeling results 
Watershed 12 Year- 5 Year- 25 Year- 50 Year- 100 Year-
Outlet I 24hr Q 24hrQ 24hrQ 24hrQ : 24hr Q 
Sub-Watershed I 90 138 222 257 292 
Sub-Watershed 2 79 118 186 214 242 
Sub-Watershed 3 97 154 257 300 344 
Sub-Watershed 4 162 245 392 452 513 
Sub-Watershed 5 I 190 287 459 529 600 I 
Sub-Watershed 6 I 33 54 94 110 127 ! 
Sub-Watershed 7 I 419 86 139 160 1322 
i 
Sub-Watershed 8 I 56 633 1011 1,165 182 I 
i 
Sub-Watershed 9 I 102 175 316 377 439 I i 
Sub-Watershed 10 
t 
124 192 313 363 414 
Sub-Watershed 11 ! 118 180 292 337 383 ! 
Watershed Total 
I 
1,231 1,890 3,075 3,566 4,063 i 
The 1999 land cover was re-digitized to reflect the projected land cover of 2020. The criteria 
used for selecting parcels as developed was each parcel's proximity to current City of Grimes 
city boundaries. Their proximity from the city boundaries were determined by creating 
concentric rings from the center of Grimes to the Little Beaver Creek watershed boundary. 
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Those areas occurring next to current city boundaries were selected first, then the areas 
adjacent, and so on. The estimated discharge for each individual sub-watershed is 
summarized in Table 23. The extended calibrated TR-20 results are included in 
Appendix 2-40. 
Assumptions 
There were several assumptions that were made to complete the TR-20 model. The 
same assumptions were made for the predicted current conditions model as were made for 
the GLO model scenario. There was one alteration to the assumptions made for the predicted 
land cover model scenario concerning the curve number calculations. The first assumption 
made was that the Manning coefficient curve numbers determined from projected grovvth 
modeling results and aerial photo land cover interpretations closely estimate runoff and 
infiltration conditions 
The 2020 land cover shape file was unioned with the Little Beaver Creek sub-
watershed shape file so that the resulting theme included sub-watershed labels and predicted 
land cover. I then unioned the 2020 land cover map with the !SPAID soils coverage so each 
polygon included a sub-watershed label, prescribed development label, current land cover 
and soil type. The Curve numbers used for the TR-20 model are included in Appendix 2-31. 
Johnston prescriptive suitability model parameters 
The third scenario model used the results of the prescriptive modeling as the land 
cover. The curve number for the sub-watersheds was determined using ST ATSGO GIS data 
theme, hydrologic condition of "II", and "dry" as the antecedent precipitation value, and the 
land use derived from the prescriptive model. 
.,. 
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The Lei ca cross-section calculations, time of concentration and time of travel values, 
and derived curve numbers were used to create the TR-20 data input file which is included in 
Appendix 2-32. A diagram of the sub-basin routing assignment is included in 
Appendix 2-33. 
The curve numbers for each sub-watershed were derived from the prescriptive 
suitability model for Johnston. The completed prescriptive suitability model coverage was 
unioned with the Little Beaver Creek sub-watershed shape file so that the resulting coverage 
included sub-watershed labels and prescribed development areas. That coverage was then 
unioned with the projected 2020 land cover shape file so that each polygon included a sub-
watershed label, prescribed management practice label and the current land cover label. The 
resulting coverage was edited according to the projected year 2020 land cover and the 
prescribed development potential for each polygon. The areas prescribed as restricted by the 
Johnston prescriptive model were kept as the same land cover as that of 1999. The 
forest/woodland, open water and transportation polygons were as kept the same in the 1999 
land cover map. The areas labeled as crop/pasture in the 1999 land cover map that occurred 
within the areas designated as high or moderate suitability by the Johnston prescriptive 
model were labeled as urban/residential in the 2020 land cover map. The areas labeled as 
crop/pasture in the 1999 land cover map that occurred within the areas designated low 
suitability by the Johnston prescriptive model remained crop/pasture. I then unioned the 
2020 land cover map with the ISP AID soils coverage so each polygon included a sub-
watershed label, prescribed development label, current land cover and soil type. The Curve 
numbers used for the TR-20 model are included in appendix 2-34 . 
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The TR-20 model calculates the estimated outflow of each sub-watershed as well as 
the cumulative discharge for each sub-basin. The estimated discharge for each individual 
sub-watershed is summarized in Table 24. The extended calibrated TR-20 results are 
included in Appendix 2-41. 
Table 24. Final Johnston land cover TR-20 modeling results 
Watershed 2 Year- 5 Year- 25 Year- 50 Year- 100 Year-
Outlet 24hr Q 24hr Q 24hrQ 24hrQ 24hrQ 
Sub-Watershed 1 ! 53 91 164 196 228 
Sub-Watershed 2 47 79 140 166 192 
Sub-Watershed 3 114 175 282 326 371 
Sub-Watershed 4 67 125 240 290 343 
Sub-Watershed 5 99 173 317 380 444 
Sub-Watershed 6 24 42 78 93 109 
Sub-Watershed 7 233 402 727 866 1009 
Sub-Watershed 8 33 57 102 122 142 
Sub-Watershed 9 61 117 236 290 345 
Sub-Watershed iO 67 119 221 265 311 
Sub-Watershed 11 94 152 257 301 346 
Watershed Total 756 1286 2309 2750 3205 
Assumptions 
There were several assumptions that were made to complete the TR-20 model. The 
same assumptions \Vere made for the Johnson model scenario as were made for the GLO 
model scenario. There was one alteration to the assumptions made for the Johnston land 
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cover model scenario concerning the curve number calculations. The first asswnption made 
was that the Manning coefficient curve nwnbers determined from Johnston residential 
suitability modeling results closely estimate runoff and infiltration conditions 
Dallas County Riparian Management Model parameters 
The fourth scenario model used the results of the Dallas County riparian management 
modeling as the land cover. The curve nwnber for the sub-watersheds was determined using 
STATSGO GIS data theme, hydrologic condition of"II", and "dry" as the antecedent 
precipitation value, and the land use derived from the prescriptive model. 
The Leica cross-section calculations, time of concentration and time of travel values, 
and derived curve nu..11bers were used to create the TR-20 data input file which is included as 
Appendix 2-35. A diagram of the sub-basin routing assignment is included in 
Appendix 2-36. 
The curve nu..."'!lbers for each sub-watershed were derived from the Dallas County 
predictive model. The completed model coverage was unioned with the sub-watershed shape 
file so that the resuiting coverage included sub-watershed labels and prescribed management 
practices. That coverage was then merged with the 1999 land cover shape file so that each 
polygon included a sub-watershed label, prescribed management practice label and the 
current land cover label. The resulting coverage was edited according to the 1999 land cover 
and the prescribed management practice for each polygon. The areas prescribed as restricted 
by the Dallas county prescriptive model were kept as the same land cover as that of 1999. 
The forest/woodla:."ld, open water and transportation polygons were as kept the same in the 
2020 land cover rriap. The areas labeled as crop/pasture in the 1999 land cover map that did 
not occur within the areas designated as restricted by the Dallas County prescriptive model 
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were labeled as urbanlresidential in the 2020 land cover map. I then unioned the 2020 land 
cover map with the ISP AID soils coverage so each polygon included a sub-watershed label, 
prescribed management practice label, current land cover and soil type. The curve numbers 
used for the TR-20 model are included in appendix 2-37. The TR-20 model calculates the 
estimated outflow of each sub-watershed as well as the cumulative discharge for each sub-
basin. The estimated discharge for each individual sub-watershed is summarized in Table 
25. The extended calibrated TR-20 results are included in Appendix 2-42. 
Assumptions 
There were several assumptions that were made to complete the TR-20 model. The 
same assumptions were made for the Dallas County model scenario as were made for the 
Table 25. Final Dallas County TR-20 Modeling Results 
Watershed ! 2 Year- 5 Year- 25 Year- 50 Year- 100 Year-
Outlet ; 24hr Q 24hr Q 24hrQ 24hrQ 24hrQ 
Sub-WatersheG l I 53 91 164 196 228 
Sub-Watershed. 2 ! 44 76 135 160 186 
Sub-Watershed 3 i 76 128 225 266 308 I 
I 
Sub-Watershed 4 ! 90 156 282 336 391 i 
l 
Sub-Watershed 5 
! 99 173 317 380 
444 
Sub-Watershed 6 24 42 78 93 109 
! 
Sub-Watershed 7 I 233 402 727 866 1009 I 
i 
Sub-Watershed 8 ! 33 57 102 122 142 i 
Sub-Watershed 9 j il 133 258 314 372 
i 
Sub-Watershed l 0 j 72 125 230 275 321 
I 
Sub-Watershed l 1 ' 112 173 283 328 374 
Total ; 767 1,304 2,337 2,782 3,240 
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GLO model scenario. There was one alteration to the assumptions made for the Dallas 
County land cover model scenario concerning the curve number calculations. The first 
assumption made was that the Manning coefficient curve numbers determined from Dallas 
County riparian management modeling results closely estimate runoff and infiltration 
conditions. The TR-20 results previously included estimate the potential effects of the Dallas 
County riparian management scenario being used to create responsible zoning policies and 
delineate suitable residential development areas. 
The TR-20 results of the four-modeled scenarios included the GLO, predicted current 
conditions, Johnston and Dallas CoW1ty. The GLO model scenario was created using 
Government Land Office information and maps. The predicted current conditions scenario 
was created using current land cover conditions and regression analysis techniques. The 
Johnston and Dalias County model scenarios were developed using the residential suitability 
modeling results previously discussed in this chapter. The results of the TR-20 modeled 
scenarios presented in this chapter are a portion of the extended results included in 
subsequent Appendixes and Chapter 4. 
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CHAPTER 4. RESULTS 
Overview 
This chapter includes TR-55 and TR-20 modeling results for the Little Beaver Creek 
watershed. The land cover scenarios developed for the TR-55 modeling included the 
following: GLO, straight row cropping and urban. The land cover scenarios developed for 
the TR-20 modeling included the following: GLO, Predicted current conditions, Johnston 
prescriptive suitability model, and the Dallas County riparian management model. 
TR-55 modeling results 
Sub-watershed 1 
Results for sub-watershed 1 showed a dramatic difference in overland flow and peak 
discharge between the urban and historic vegetation models (see Figure 21). The peak 
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Figure 21. Hydrograph for sub-watershed 1 
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discharge increased from 150 cfs to 489 cfs between the two models. The peak discharge in 
the urban model was an estimated 489 cfs in 12.4 hours. The peak discharge of the historic 
vegetation model was an estimated 150 cfs in 13.2 hours. The straight row-cropping model 
reached peak discharge at 12.9 hours at an estimated 357 cfs. 
The general pattern of these three models was an increase in overland flow and peak 
discharge from the historic vegetation scenario to straight-row cropping scenario to urban 
scenario. A decrease in the estimated time taken to reach peak discharge occurred from the 
historic vegetation to straight-row cropping scenario to urban scenario. 
Sub-watershed 2 
The results for sub-watershed 2 showed the same pattern described for sub-watershed 
1 (see Figure 22). The historic vegetation model reached peak discharge at 13.2 hours 
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Figure 22. Hydrograph for sub-watershed 2 
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12.6 hours. A significant increase was evident between the historic vegetation model and the 
urban model The urban model reached peak discharge at 12.4 hours measuring 2569 cfs. 
The increase in peak discharge between the historic vegetation model and the 
urban model was 376%. 
Sub-watershed 3 
Results for sub-watershed 3 reinforce the general pattern of overland flow and peak 
discharge. The results also provide similar evidence in the time taken to reach peak 
discharge (see Figure 23). The peak discharge at 13.4 hours measured 1027 cfs in the 
historic vegetation model. The peak discharge increased by 257% from the historic 
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Figure 23. Hydrograph for sub-watershed 3 
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cfs in 12.6 hours. The urban model reached peak discharge at 12.5 hrs measuring 3501 cfs, 
which is a 341 % increase from the historic vegetation model peak discharge. 
TR-55 model comparison 
There are two patterns that are evident between the historic vegetation, straight row 
cropping, and urban development models. The first pattern was identified previously as an 
increase in overland flow and peak discharge corresponding with a decrease in the amount of 
time needed to reach peak discharge (Appendix 2-38). The second pattern partially explains 
the variability in peak discharge between sub-watersheds. The area of each sub-watershed is 
not equal. The area of sub-watershed 3 is larger than either sub-watershed 1 or sub-
watershed 2. The relative size difference between sub-watersheds partially explains the 
dramatic increase in overland flow between the models (See Appendix 2-38). 
Evaluation 
Summary 
The TR-5 5 model is a useful tool for modeling the effects of land use changes on 
peak discharge and overland flow in small watersheds. The model is limited to small 
watersheds with low time of travel and time of concentration values. Before modeling 
begins, a lot of data and tabular information that needs to be derived. A large portion of 
work for this project was spent calculating the curve numbers, time of travel, and time of 
concentration. The majority of the time spent on this project was trying to determine why the 
stream and sub-watershed data layers were not working with the Arc View scripts. There 
were several factors that became apparent after several hours of trial and error, such as proper 
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flow direction of stream segments and node intersection. There are several steps that were 
taken to ensure that the data layers would work in Arc View. These steps are documented in 
Appendix 2-45. The following problems were the primary reasons the stream and sub-
watershed data layers would not work with the TR-55 ArcView scripts: 
• Current stream data has flow running in the wrong direction. You can detect 
streams that flow in the wrong direction by changing the symbol of the line 
theme to a directional arrow. 
-To correct the flow direction, you can use ArcINFO or LDDT to re-
digitize the stream segments that are reversed, 
• Data input is intensive and the data layers need to be created with precision. 
-ArcINFO, the subtractive digitizing method Arc View, or LDDT can 
be used to create stream data layers or sub-watershed data layers. 
Using the proper techniques to create the stream and sub-watershed data layers will provide 
users with clean data layers for use with the Arc View scripts . 
. Conclusions 
The results of the modeling provide a good basis to make several conclusions about 
the TR-55 model and the Arc View TR-55 Avenue scripts. The modeling results themselves 
indicated definitive patterns among the three hydrographs for each sub-watershed. There 
were also similar patterns between models with the same land cover type. The most evident 
pattern is a dramatic difference in volume of overland flow and a slight difference in the time 
taken to reach peak discharge within each sub-watershed. The identified trend was the same 
for the three types of land cover in each sub-watershed. 
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The resulting patterns of the different land cover models may be slightly different 
when the entire Little Beaver Creek watershed is used in the modeling process. To model the 
entire watershed, a more sophisticated and robust model needs to be used, such as the 
Technical Release 20 (TR-20). The Soil Conservation Service developed the TR-20 model 
for large watersheds. The TR-20 includes more complex routing functions that enable 
modeling of complex watersheds. The complexity of the input data will also increase in the 
TR-20 model. 
The land cover curve numbers used in the historic vegetation, straight row cropping 
and urban development models were fairly consistent throughout the entire sub-watersheds. 
Areas listed as water and gravel pits were given a low curve number but did not account for a 
large percentage of the total area calculated. Taking a closer look at the land cover without 
using a constant curve number will yield more variable data and modeling results. 
TR-20 Modeling Results 
GLO model parameters 
The first TR-20 model scenario used historic vegetation as the land cover data shown 
in Figure 24 ). The GLO land cover was determined by the Government Land Office notes 
and maps created in 1847. Table 22 (at the end of chapter three) recorded the peak discharge 
for each sub-watershed. The cumulative estimated discharge for each sub-watershed outlet is 
summarized in Table 26. The extended calibrated TR-20 results are included in 
Appendix 2-39. The TR-20 modeling output also included a discharge elevation table for 
each rainfall event. The discharge elevation table can be used to derive a storm hydrograph 
for each modeled rainfall frequency. The discharge elevations of the Little Beaver Creek 





Figure 24. GLO land cover map variable 
1 ·2 ·.tvtn~s· 







Table 26. GLO TR-20 modeling results 
Watershed 2 YEAR- 5YEAR- 25 Year- 50 Year- 100 Year-
Outlet 24HR Q 24HR Q 24hrQ 24hrQ 24hrQ 
Outlet 1 39 73 140 170 200 
Outlet 2 31 58 111 134 158 
Outlet 3 118 217 415 502 592 
Outlet 4 67 125 240 290 343 
Outlet 5 80 146 281 340 402 
Outlet 6 165 302 579 701 828 
Outlet 7 188 341 645 778 916 
Outlet 8 308 564 1080 1307 1543 
Outlet 9 523 949 1801 2175 2564 
Outlet 10 58 106 203 246 291 
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Figure 25. GLO TR-20 model 25 year-24 hour frequency hydrograph 
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The 25 year-24 hour frequency hydrograph for the GLO modeling scenario is shown in 
Figure 25. The remaining frequency hydrographs (including the 2, 5, 50 and 100-year 
events) are included in Appendix 2-44. The frequency hydrographs show the peak discharge 
for outlet 11 which includes the cumulative discharge for the entire Little Beaver Creek 
watershed. The peak discharge table and hydrographs are good estimates of peak discharge 
from each watershed outlet ai."1d the runoff from individual sub-watersheds. The estimated 
error for TR-20 results has been recorded as less than 5 percent of recorded discharge on 
average. The estimated peak discharges were compared against recorded discharge levels for 
the same watershed. The peak discharge calculations are based on a hydrologic analysis. 
The results are limited in that they do not decipher the relationship between the hydrologic 
regime of the stream network and the hydraulic capacity of the stream channel. A 
comparison of the estimated peak discharge by the hydro logic model and the hydraulic 
capacity of the outlets will determine which cross-sections lack the hydraulic capacity to 
channel the estimated discharge. The hydraulic analysis was completed using the Manning 
formula: 
Q= (1.49/n)ARA2/3 S"'l/2 
·where, 
Q= discharge 
n= manning coefficient 
A= area of cross-section 
R = hydraulic radius 
S= slope 
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The Manning formula was utilized to calculate the estimated hydraulic discharge capacity of 
each watershed. The estimated discharge capacity of each watershed outlet and each GLO 
modeled frequency is shown in Figure 26. The hydraulic-hydrologic analysis maps show the 
estimated discharge and the TR-20 estimates of peak discharge utilizing the results of the 
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Figure 26. GLO TR-20 hydraulic-hydrologic analysis graph 
Predicted conditions model parameters 
The second model scenario used 1999 aerial imagery and the results of the linear 
regression modeling to predict the projected year 2020 land cover conditions shown in Figure 
29). Table 23 (included at the end of chapter three) recorded the peak discharge for each 
sub-watershed. The cumulative estimated discharge for each sub-watershed outlet is 
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Table 27. Predicted 2020 TR-20 modeling results 
Watershed 2 Year- 5 Year- 25 Year- 50 Year- 100 Year-
Outlet 24hrQ 24hrQ 24hrQ 24hrQ 24hrQ 
Outlet 1 90 138 222 257 292 
Outlet 2 79 118 186 214 242 
Outlet 3 215 327 528 612 697 
Outlet 4 162 245 392 452 513 
Outlet 5 190 287 459 529 600 
Outlet 6 379 577 928 1072 1218 
Outlet 7 419 633 1011 1166 1322 
Outlet 8 640 973 1569 1815 2064 
Outlet 9 1043 1601 2603 3019 3440 
Outlet 10 124 192 313 363 414 
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Figure 30. Predicted land cover TR-20 model 25 year-24 hour frequency hydrograph 
146 
The TR-20 predicted conditions model output also included a discharge elevation table for 
each rainfall event. The discharge elevation table was used to derive a storm hydrograph for 
each modeled rainfall frequency. The discharge elevations of the Little Beaver Creek 
watershed outlet were listed every one-tenth hour for the entire length of the storm event. 
The 25 year-24 hour frequency hydrograph for the predicted conditions modeling scenario is 
shown in Figure 30. The remaining frequency hydrographs including the 2, 5, 50 and 100-
year events are included in Appendix 2-44. The frequency hydrographs show the peak 
discharge for outlet 11 that includes the cumulative discharge for the entire Little Beaver 
Creek watershed. 
A comparison of the estimated peak discharge by the hydrologic model and the 
hydraulic capacity of the outlets determine which cross-sections lack the hydraulic capacity 
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The hydraulic analysis was completed using the Manning formula. The Manning formula 
was utilized to calculate the hydraulic estimated discharge capacity of each watershed. The 
estimated discharge capacity of each watershed outlet and each predicted current condition 
modeled frequency is shown in Figure 31. The hydraulic-hydrologic analysis map shows the 
estimated .discharge and the TR-20 estimates of peak discharge utilizing the results of the 
analysis graph (Figures 32 and 33). 
Johnston prescriptive suitability model parameters 
The third scenario model used the results of the prescriptive modeling as the land cover data 
shown in Figure 34). The TR-20 model calculated the estimated outflow of each sub-
watershed as well as the cumulative discharge for each sub-basin. The estimated discharge 
for each individual sub-watershed is summarized in Table 28. The extended calibrated TR-
20 results are included in Appendix 2-41. 
The TR-20 modeling output included a discharge elevation table for the 2, 5, 25, 50 
and IOO-year frequency rainfall events. The discharge elevation table was used to derive a 
storm hydrograph for each modeled raipfall frequency. The discharge elevations of the Little 
Beaver Creek watershed outlet were listed every one-tenth hour for the entire length of the 
storm event. 
The 25 year-24 hour frequency hydrograph for the Johnston modeling scenario is 
shown in Figure 35. The remaining frequency hydrographs including the 2, 5, 50 and 100-
year events are included in Appendix 2-44. The frequency hydrographs show the peak 
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Table 28. Johnston prescriptive suitability TR-20 modeling results 
Watershed 2 Year 5Year 
Outlet 24HRQ 24HRQ 
Outlet 1 53 
Outlet 2 47 
Outlet 3 180 
Outlet 4 67 
Outlet 5 99 
Outlet 6 189 
Outlet 7 233 
Outlet 8 401 
Outlet 9 632 
Outlet 10 67 
Outlet 11 756 
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A comparison of the estimated peak discharge by the hydrologic model and the 
hydraulic capacity of the outlets show which cross-sections lack the hydraulic capacity 
to channel the estimated discharge. The hydraulic analysis for the Johnston model rainfall 
frequencies was completed using the Manning formula. The estimated discharge capacity of 
each watershed outlet and each Johnston modeled frequency is included in Figure 36. The 
hydraulic-hydrologic analysis map shows the estimated discharge and the TR-20 estimates of 
peak discharge utilizing the results of the analysis graph (Figures 37 and 38). 
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Figure 36. Johnston TR-20 hydraulic-hydrologic analysis graph 
Dallas County riparian management model parameters 
The fourth scenario model used the results of the Dallas County riparian management 
modeling as the land cover data shown in 39. The estimated discharge for each individual 
sub-watershed is summarized in Table 29. The extended calibrated TR-20 results are 
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Table 29. Dallas County management TR-20 modeling results 
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The discharge elevation table that was included in the TR-20 Dallas County model 
output was used to derive a storm hydrograph for each modeled rainfall frequency. 
The discharge elevations of the Little Beaver Creek watershed outlet were listed 
every one-tenth hour for the entire length of the storm event. The 25 year-24 hour frequency 
hydrograph for the Dallas County modeling scenario is shown in Figure 40. 
The remaining frequency hydrographs including the 2, 5, 50 and 100-year events are 
included in Appendix 2-44. The frequency hydrographs show the peak discharge for outlet 
11 which includes the cumulative discharge for the entire Little Beaver Creek watershed. 
The Manning formula was utilized to calculate the hydraulic estimated discharge 
capacity of each watershed. The estimated discharge capacity of each watershed outlet and 
each Dallas County modeled frequency is shown in Figure 41. The hydraulic-hydro logic 
analysis map shows the estimated discharge and the TR-20 estimates of peak discharge for 
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The hydraulic-hydrologic analysis emphasized a strong relationship between peak discharge 
and the cross-section development of streams. The stream channel will slowly conform to 
the highest peak discharge occurring within that tributary (Burras 2000). Comparing the 
capacity of the stream channel cross-section and the peak discharge provides insight into 
what storm frequency will result in discharge over bank-full capacity and cause agricultural 
and property damage. 
The results of the hydraulic-hydrologic analysis alone do not explain the relationships 
between the stream channel and significant sub-watershed variables (Anderson 2001). There 
are several variables including vegetation cover, tributary location and human intervention 
that are not included in the Manning equation analysis. The results and their related 
significant variables are discussed in Chapter 5. 
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CHAPTER 5. DISCUSSION 
This chapter includes analysis of the TR-20 results for the Little Beaver Creek 
watershed. The land cover scenarios developed for the TR-20 modeling included (1) GLO, 
(2) Predicted current conditions, (3) Johnston prescriptive suitability model, and the 
( 4) Dallas County riparian management model. This chapter includes several comparisons 
and contrasts ofTR-20 modeled scenarios. 
Hydraulic-hydrologic analysis 
The hydraulic-hydrologic comparison included in the previous chapter can be used to 
determine which channels are sufficient and which are undersized for the current conditions. 
Model 2 (predicted current conditions) is based on the projected land cover for the year 2020. 
Therefore, the predicted conditions model is a good basis for determining which stream 
channels are capable of carrying the estimated peak discharge of modeled rain frequency 
events. The other three model scenarios will not be mentioned in the analysis results because 
the stream channel capabilities to carry derived peak discharge capacities are identical in 
each scenario. 
The hydraulic-hydrologic analysis showed that sub-watershed outlets three, six, and 
nine are insufficient to handle peak discharges during specific rain frequency events. The 
cross-section area of sub-watershed outlet 3 is insufficient to handle storms greater than a 5 
year-24 hour frequency rain event. The estimated peak discharge of a 5 year-24 hour 
frequency rain event also exceeds the capabilities of sub-watershed outlet six. The 
~apabilities of the stream channels are defined as the ability to flow less than one foot above 
bank-full elevation and an inability to commit property or agricultural damage. The 
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capabilities of sub-watershed outlet nine are insufficient if the estimated peak discharge 
exceeds that of a 2 year-24 hour frequency rain event. 
The inability of sub-watersheds three, six, and nine to handle specific storm events is 
an indication that the stream channel has not had sufficient time to make natural and 
appropriate channel modifications. A streambed will naturally wear down due to increased 
velocity and increased viscosity during large storm events. The stream channel is always 
trying to get to the point of least resistance and lowest energy that occurs at a lower 
elevation. The stream channel will then widen and meander as the stream banks loosen and 
erode (Burras 2001). 
The ability of the sub-watershed to handle the specific storm events is also inhibited 
by the excavation practices during residential development adjacent to stream networks. 
Sub-watershed outlets three and six occur within the city of Grimes and have been impacted 
by residential development excavation practices. The stream banks and slopes have been 
altered by earthwork equipment in preparation for the residential structures. 
The alteration of stream banks and slopes has a significant impact on the velocity and 
flow resistance of stream channels. It is difficult to determine whether the impacts of stream 
bank alterations occur where the alterations occurred or farther down the stream network 
(Anderson 2001 and Burras 2001). 
The stream segment within watershed ten was relocated which impacted the 
hydrological condition within the watershed. The TR-20 modeling results show a strong 
relationship between the hydraulic capacity of the stream channel and the estimated 
discharge of the current land cover conditions in sub-watershed ten. This suggests that the 
stream alteration did not have a severe detrimental impact on the discharge capacity of the 
channel and its capacity to transport the storm runoff of large storms. 
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TR-20 modeling implications 
The Johnston residential suitability model criteria (Model 3) were based on the 
management policies of the City of Johnston Building and Zoning Office. The criteria 
developed for the Johnston suitability model (Model 3) are very similar to the Dallas County 
riparian management plan criteria (Model 4). The GLO and predicted current conditions 
modeling criteria are very different. The GLO scenario is based on historical documents and 
maps negating any opportunity to select additional criteria. The predicted current conditions 
scenario (Model 2) is based on two criteria: existing land cover and predicted residential 
development. There is an advantage to using the predicted current condition model scenario 
for comparison purposes with the Dallas County and Johnston peak discharge results. The 
predicted current conditions model (Model 2) defmes the hydrological system currently 
active in the Little Beaver Creek watershed. The estimated peak discharge of the Dallas 
County and Johnston model in comparison to the predicted current conditions model 
provides several indications of significant management opportunities: 
• Peak discharge patterns of the four scenarios 
• Identification of sub-watersheds that would benefit from mitigation measures as 
part of a management policy 
• Alterations to City of Johnston proposed zoning alternatives 
Peak discharge patterns 
The discharge patterns exhibited in chapter four are almost identical for each model 
scenario. The strongest pattern is a sharp or dramatic incline in each scenario hydrograph 
precluding the peak discharge. The dramatic incline occurring before reaching peak 
discharge is primarily due to the dendritic pattern of the watershed. The estimated discharge 
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of the outer sub-watersheds reaches the eighth watershed within a relatively short time. The 
sharp increase in estimated discharge at the outlet of sub-watershed eight and nine are 
evident in the linear graphs included at the end of Chapter 4. The predicted current 
conditions scenario results show an increase from 973 cubic feet per second at the eighth 
sub-watershed to 1601 cubic feet per second at sub-watershed outlet nine. The linear graphs 
included in Chapter 4 show an asymmetrical increase in estimate peak discharge from one 
frequency model to another. There is a significant increase from the 5-year 24-hour 
frequency results to the 25 year-24-hour frequency results for each modeled scenario. 
The irregular increase from the 5-year to the 25-year frequency results may partially 
be explained by the rainfall values used for TR-20 modeling. The 5-year rainfall value used 
for the TR-20 modeling was 4.1 inches. The 25-year rainfall value used for the TR-20 
modeling was 5.6 inches. The TR-20 model used an antecedent moisture level of"II". The 
TR-20 model accounts for a decrease in the antecedent based on the length of a storm event 
and the amount of precipitation within the watershed study area. Therefore, the infiltration 
rate decreases until saturation due to length and amount of rainfall of the storm event. 
In the Predicted current conditions scenario (Model 2), Johnston scenario (Model 3), 
and Dallas County scenario (Model 4 ), the predominantly agricultural watersheds show a 
strong relationship between the estimated discharge for each sub-watershed and the hydraulic 
capacity of the stream channel. The estimated peak discharge and hydrographs were 
developed using routing procedures and cumulative hydrograph analysis. This pattern 
suggests that the TR-20 modeling procedure models agricultural sub-watersheds with more 
accuracy than nonagricultural sub-watersheds. However, the GLO model also shows the 
same pattern in Sub-watersheds 1, 2, 4, 5 and 7. The relationship between the stream channel 
capacities and estimated discharge is due to the locations of the previously mentioned 
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watersheds. The sub-watersheds are located at the edges of the dendritic stream network 
within Little Beaver Creek watershed. Their location limits the effect of additional discharge 
from adjacent sub-watersheds. The TR-20 model is able to quantify the effects that specific 
types of land cover have on the volume of runoff produced by a storm event. The effects of 
large agricultural watersheds are evident based on the predicted current condition model 
results in comparison to the estimated peak discharges of the Johnston (Model 3) and Dallas 
County (Model 4) scenarios. 
The Johnston and Dallas County scenarios have a significantly lower peak discharge 
than the Predicted current conditions scenario (Model 2). The major difference between 
these three model scenarios is the dominant land cover. In the Predicted current conditions 
model, seventy percent of the area is agricultural. The Johnston and Dallas County models 
are composed of 1-acre residential instead of the agriculture (see Figure 44). 
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Figure 44. Estimated peak discharge/ dominant land cover comparison 
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The predicted current conditions scenario (Model 2) estimated the peak discharge of a 25-
year 24-hour frequency stonn at 3,075 cfs. The Johnston scenario (Model 3) and Dallas 
County scenario (Model 4) estimated the peak discharge of a 25-year 24-hour frequency 
storm at 2,309 cfs and 2,337 cfs respectively. The minimum difference between the 
estimated discharge of the predicted current conditions model and the Dallas County model 
was 766 cfs, or 25 percent. The increase in overland flow in agricultural watersheds in 
comparison to 1-acre density developed watersheds is evident in the TR-20 model results in 
Figure 44. 
The TR-20 results show an increase in overland flow within the same sub-watershed 
between different modeling scenarios. The peak discharge of sub-watershed seven is high in 
the predicted current conditions modeling scenario (Model 2). However, there is little 
evidence of th.at in the corresponding hydrograph. The peak discharge is estimated at 1,011 
cfs based on the 25-year 24-hour rainfall frequency in the Predicted current conditions 
scenario (Nfodel 2). The hydraulic capacity of the stream channel was estimated at 1,334 cfs 
for sub-watershed seven. The location of sub-watershed seven allows the peak discharge to 
occur at sub-watershed eight after sub-watershed seven. The high peak discharge is partially 
caused by the predominant land cover, which was row crop agriculture. 
Sub-watershed management policy 
The results of the TR-20 modeling indicate that an effort needs to be made within the 
Little Beaver Creek watershed to curb the effects of agricultural practices as well as future 
residentiai development in particular sub-watersheds. There are five sub-watersheds that will 
benefit froo establishing residential development management policies including sub-
watershed 3, 4, 5, 6, and 9. Sub-watersheds 3 and 6 have been a concern of Grimes residents 
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living adjacent to the Little Beaver Creek during several past storm events (Sneider 
Engineering, 2001 ). 
The estimated peak discharge in sub-watershed 6, based on the predicted current 
conditions model and the 25 year 24-hour frequency analysis and greater, is a minimum of 
410 cfs above the estimated hydraulic capacity of the stream channel. The majority of the 
runoff and excess discharge originates in sub-watersheds 4 and 5. Implementing best 
management practices and conservation techniques within sub-watersheds 4 and 5 may 
decrease the overland flow significantly. The estimated runoff for sub-watershed 6 is 
minimal compared to sub-watersheds 4 and 5 in all 4 model scenarios. However, sub-
watersheds 3, 6 and 9 are not capable of holding the peak discharge of significant storms 
within their banks. The excess flow would enter the floodway and cause minimal to severe 
property or crop damage. The peak discharge of sub-watershed outlets 8 and 9 shows a 
strong relationship between each of the four land cover model scenarios. The peak discharge 
follows a linear relationship between each of the modeled scenario results. The linear 
relationship is partially due to the channel cross-sections of the sub-watershed outlets. The 
stream channel cross-sections of outlets 8 and 9 consist of a very deep and fairly narrow area. 
This type of channel allows the discharged water to travel at high velocities. An increase in 
discharge within a deep and narrow channel will have less impact on the peak discharge than 
the velocity of the stream discharge. Sub-watershed outlets 8 and 9 occur within a grazed 
pasture. The narrow and very deep stream channel characteristics are typical of an area that 
is overgrazed by livestock (Anderson 2001). 
There are stream channels within the Little Beaver Creek watershed that are atypical 
as well. Sub-watershed outlet 10 currently has the minimal capacity to handle 2 to 100 year 
24-hour rainfall frequencies. The estimated hydraulic capacity and estimated peak discharge 
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of model scenarios show a minimum difference of 279 cubic feet per second in each sub-
watershed, with the exception of sub-watershed 10. The remarkable consistency between the 
hydraulic and hydrologic estimates is because of the sub-watershed location and human 
alteration. Sub-watershed 10 is located in the southeast portion of the Little Beaver Creek 
watershed. The sub-watershed outlet drains into the west end of sub-watershed 11, which 
includes the final stream segment of Little Beaver Creek before entering Beaver Creek. 
There are no other streams that drain into the segment of stream located in sub-watershed I 0. 
The lack of contributing streams limits an increase in cumulative peak discharge from 
multiple stream segments. The consistency between the hydraulic and hydrologic estimates 
is also due to straightening stream channels between 1976 and 1983 to decrease the channel 
length of the original channel. The alteration was evident in aerial photos obtained from the 
Iowa Image Map Server (1990) and the Polk County Farm Service Agency (1976, 1983). 
The filling of stream channels altered the streambed viscosity, length, and direction. These 
alterations would affect overland flow and discharge patterns of sub-watershed 10. However, 
the decreased stream length and reshaped stream channels mitigated the effects of stream 
meanders and established land cover that would significantly alter overland flow. The 
excavation of the stream allowed overland flow to enter the stream and flow directly to the 
sub-watershed outlet without significant resistance from natural vegetation. 
City of Johnston proposed zoning alternatives 
The City of Johnston's proposed zoning plan includes the eastern portion of Little 
Beaver Creek watershed. The proposed zoning for parcels occurring within the Little Beaver 
Creek watershed is currently low-density residential. The City of Johnston selected the 
criteria used to model residential suitability for the Johnston TR-20 modeling scenario 
(Model 3). The criteria used for the residential suitability model should correspond with the 
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criteria used to delineate the boundaries that define the low-density residential zones within 
the Little Beaver Creek watershed. A comparison of the residential suitability model and the 
low-density residential zones shows inconsistencies between their respective boundaries. 
Portions of the low-density residential zones overlap the restricted areas of the residential 
suitability model. The low-density residential zones overlap 3.2 hectares of the restricted 
residential development areas. The low-density residential zones also overlap 39.9 hectares 
of the forest and woodland areas within the Little Beaver Creek watershed (see Figure 45). 
Figure 45. Residential suitability model overlap 
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The proposed zoning plan needs to be altered to reflect the criteria and goals of the City of 
Johnston Building and Zoning Office. Altering the proposed residential development zones 
using the results of the residential suitability model and 1999 land cover will mitigate 
damage to Little Beaver Creek because the majority of the restricted areas are located 
adjacent to the Little Beaver Creek stream channel. 
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS 
This chapter includes estimated peak discharge modeling results for each TR-20 
modeled scenario, research hypotheses conclusions,.declared research objectives, additional 
research opportunities and recommended research objectives. 
Peak discharges 
The TR-20 hydrologic modeling results for the GLO, Predicted land cover, Johnston 
and Dallas County model scenarios are included in Table 30. 
Table 30. TR-20 Peale discharges 
GLO Predicted Land Cover Johnston Dallas County 
Frequency 
Model! Model2 Model3 Model4 
2-year 24 hour 612 cfs 1,231 cfs 756 cfs 767 cfs 
5-year 24 hour 1,110 cfs 1,890 cfs 1,286 cfs 1,304 cfs 
25-year 24 hour 2,107 cfs 3,075 cfs 2,309 cfs 2,337 cfs 
50-year 24 hour 2,545 cfs 3,566 cfs 2,750 cfs 2,782 cfs 
100-year 24 hour 3,000 cfs 4,063 cfs 3,205 cfs 3,240 cfs 
The TR-20 hydrologic modeling results included sub-watershed outlet hydrographs and 
sub-watershed estimated pealc charge for the eleven sub-watersheds of Little Beaver Creek 
Watershed. The estimated pealc discharges of the Little Beaver Creek watershed are included 
in Table 30. The estimated discharge for the GLO and the predicted land cover model are 
closer than expected. There is a dramatic change between the typical GLO land cover that 
was dominated by prairie and the typical predicted land cover that was dominated by urban 
and row crop agriculture. There is also dramatic increase from the 5-year 24-hour estimated 
discharge to the estimated discharge of the 25-year 24-hour frequency analysis in each 
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model. The rainfall values used for the 5 year and 25 year analysis partially explain the 
increase in estimated peak discharge between the rainfall :frequency events and results. The 
5-year rainfall value used for the TR-20 modeling was 4.1 inches. The 25-year rainfall value 
used for the TR-20 modeling was 5.6 inches. 
Hypotheses 
Four hypotheses were used to direct the hydrologic, residential development suitability 
and land cover modeling for this research. The relevant research hypotheses were presented 
at the end of Chapter 1 and included the following: 
1. More than twenty percent of the study area changed land cover within the last four 
decades. 
2. For every 4 acres of agricultural gain, 3 acres of timber were removed during the last 
decade 
3. Residential suitability increases with distance from streams 
4. Appropriate mitigation technologies can reduce the negative impacts of residential 
development on water quantity. 
The first hypothesis was unsupported by the results of this research. The land cover 
changed in over 21 percent of the watershed area during the period 1963 to 1999. 
Table 31. Little Beaver Creek watershed land cover change 
Year Land cover (Hectares) 
Crop/Pasture Forest/ Open Water Transportation Urbani 
Woodland Residential 
1963 2,555 178 1 50 170 
1999 2,241 222 2 91 396 
Change -314 +44 +1 +41 +226 
% Change -11 2 0 1 8 
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The crop and pasture areas decreased significantly over the previous four decades. The Little 
Beaver Creek watershed also experienced an increase in urban and residential development 
(see Table 31). 
The second hypothesis was also supported by the results of the research. The 
agricultural land cover and forest/woodland land cover both increased from 1992 to 1999. 
The most significant reason for the small increase in land cover conversion is the 
transformation from prairie grass as the predominant native plant material to agriculture. 
The GLO survey indicated that Little Beaver Creek was predominantly tall-grass prairie and 
interspersed wetlands. There was one significant stand of woodland that still exists within 
the northeastern section of Little Beaver Creek watershed. The land cover has not undergone 
a transition from a diverse landscape to an agricultural matrix. The Little Beaver Creek 
watershed went from domination of one land cover, tall-grass prairie, to an agricultural 
matrix. 
Table 32. Little Beaver Creek watershed land cover 
Year Land cover (Hectares) 
Crop/Pasture Forest/Woodland 
1992 2,159 215 
1999 2,241 222 
Change +82 +7 
%Change 3 1 
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The third hypothesis was not supported by the results of the Johnston residential 
suitability model. However, the hypothesis was supported by the Dallas County residential 
suitability modeling results. 
The Johnston residential suitability model did not exhibit a strong pattern of increased 
residential suitability with increased proximity from stream channels. The residential 
suitability was low or restricted adjacent to existing stream channels. The suitability changed 
to high, then to moderate farther away from the stream channel. The pattern can be seen in 
Chapter 4 in the Johnston modeling results section. The Johnston scenario (Model 3) 
included four categories that made the suitability patterns more complex than the Dallas 
County scenario (Model 4). 
The Dallas County suitability model included two categories: restricted and 
unrestricted. The restricted areas occurred on and near the stream channels within the Little 
Beaver Creek watershed. A small portion of the restricted areas, 27 hectares or 4 percent, 
occur outside of 1,000 feet from the stream channel. The cumulative restricted area within 
and outside of the 1,000-foot stream buffer were calculated using the Tabulate Areas function 
in the Spatial Analyst extension. 
The fourth hypothesis is supported by the results of the residential suitability 
modeling and the TR-20 results of the Johnston (Model 3) and Dallas County scenario 
(Model 4). The City of Johnston and Dallas County riparian management plan address 
significant issues for future development alternatives and planning policy. The models 
address the importance of restricting development within the floodplain and integrating 
natural vegetation corridors. The model parameters also address the preservation of 
significant archaeological, geological, and hydrological areas. The previously discussed 
criteria were integrated into the Johnston and Dallas County residential suitability models. 
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The results of the Johnston scenario (Model 3) and Dallas County scenario (Model 4) 
showed a decrease in the peak discharge rates in comparison to the predicted current 
conditions scenario (Model 2). The predicted current conditions scenario model was 
estimated at 1,890 cubic feet per second based on the 5 year-24 hour frequency analyses. 
The Johnston and Dallas County scenarios were estimated respectively at 1,286 and 1,304 
cubic feet per second. The peak discharge estimates between these models were in excess of 
thirty percent of cumulative discharge. 
Objectives 
There were nine primary objectives included in Chapter One that were achieved to 
complete this research. The objectives included the following: 
1. Determine the ecological characteristics of the past and present landscape 
in the Little Beaver Creek watershed. 
2. Compare the ecological characteristics of the Little Beaver Creek 
watershed with the surrounding watersheds. 
3. Analyze the data to determine which areas are appropriate for incorporated 
development. 
4. Model future development patterns within the Little Beaver Creek 
watershed. 
5. Determine three future development scenarios. 
6. Develop three scenarios depicting landscape treatment during and after 
future development. 
7. Model each scenario for future development paired with depicted 
landscape treatment. 
8. Analyze the data to determine the performance of landscape treatments on 
each determined development scenario. 
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9. Analyze the data to compare the performance of each landscape treatment 
on the three determined development scenarios. 
Objectives one and two were completed using the following methods: 
• The ecological characteristics of Little Beaver Creek were modeled 
in Arc View 3 .2 using existing data from the IDNR, ISU, and local 
farm service agencies. 
• The ecological characteristics of Little Beaver Creek watershed were 
compared with the regional characteristics of Beaver Creek watershed 
using Arc View 3 .2. 
The ecological characteristics of the past and present landscape in Little Beaver Creek 
were modeled in Arc View 3 .2 using existing coverages and data tables from the Iowa 
Department of Natural Resources, aerial photographs and grid coverages from Iowa State 
University GIS Research Lab, aerial imagery from the Iowa Image Map Server, and aerial 
photography from Johnston and Dallas County Farm Service Agency offices. The 
characteristics of Little Beaver Creek and the surrounding watersheds were compared using 
the same data and aerial photography from the Iowa Image Map Server. The aerial 
photographs obtained from Johnston and Dallas County Farm Service Agency offices were 
digitized using Arc View 3 .2 to determine evident land cover changes within the Little Beaver 
Creek Watershed over the past four decades. The 1999 land cover theme, which was digitized 
from the 1999 Farm Service aerial photos, was used in residential suitability modeling to 
determine appropriate areas for incorporated development. 
Objectives three, four, five, and six were completed using the following methods: 
• The Johnston and Dallas County residential suitability modeling was 
completed using Arc View 3.2 and the Model Builder Extension. 
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• The future development patterns were based on historic vegetation, 
projected current conditions, City of Johnston management goals, and the 
Dallas County riparian management criteria. 
• The previously mentioned scenarios were bvased on the future development 
from the City of Johnston building and zoning office as well as the Dallas 
County conservation office. 
The Johnston and Dallas County residential suitability modeling was completed using 
Arc View 3.2 and the ModelBuilder extension. The Johnston and Dallas County residential 
suitability models were two of four model scenarios used as future development alternatives 
for the TR-20 modeling. The results of the residential suitability models were used to 
determine curve numbers for the Johnston and Dallas County TR-20 landscape treatment 
scenarios. The two remaining models, GLO and Predicted current conditions scenarios, 
were also modeled using Arc View 3 .2 in addition to Microsoft Excel and Statistical Analysis 
Software (SAS). Current land conditions and the regression analysis model were used to 
determine curve numbers for the predicted current conditions landscape treatment scenario. 
The GLO land cover theme was used to determine curve numbers for the GLO landscape 
treatment scenario. 
Objectives seven, eight, and nine were completed using the following methods: 
• The model scenarios were modeled with TR-20 based on future development 
alternatives. 
• The TR-20 results were analyzed to determine and compare the performance 
of each "landscape treatment" or model scenario. 
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. The results of the TR-20 models were discussed in Chapter 5. The conditions and 
trends of each modeled were compared to determine what impacts may occur within the 
Little Beaver Creek watershed. 
Additional research objectives 
Hee-Ras software 
There are several opportunities for further research on the Little Beaver Creek 
watershed that would benefit future residential planning and watershed management. The 
TR-20 Model makes several assumptions and generalizations when analyzing the conditions 
of a watershed. There are two alternative methods that may enhance the results of the TR-20 
modeling. 
The first alternative would involve using Hee-Ras software to analyze the hydrologic 
relationships between sequential cross-sections of the watershed stream network. Hee-Ras 
utilizes the conditions of each available cross-section to refine time of travel and time of 
concentration at each cross-section outlet (Foreman 2001). A global positioning system of 
centimeter grade accuracy (such as Leica) would be used to gather cross-section data along 
each stream segment in addition to the stream segment inlet and outlet. Each stream segment 
would have a cross-section analysis every 300 meters. The global positioning unit would be 
upgraded so that orthographic heights would be gathered instead of ellipsoid heights. The 
upgrade would involve establishing six local points with known WGS84 longitude and 
latitude coordinates that would be paired in the rover system unit to refine the IowaGeoid99 
field file used to gather orthographic heights. The coordinates would be used in conjunction 
with a Geoid 99 executable file to compute more precise geoid separation and orthographic 
heights. 
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Land cover digitizing 
The second alternative would involve re-digitizing the 1999 land cover based on the 
aerial photography provided by Johnston and Dallas County Farm Service Agency. 
Additional categories would be used to refine the land cover theme. Instead of defining each 
agricultural field as row cropping, the cover crop would be determined by field inspection or 
Farm Service Agency documentation. The use of additional land cover categories will 
improve the accuracy of the curve numbers assigned to each land cover type. The accuracy 
of the Johnston scenario (Model 3) would be improved by re-evaluating the curve numbers 
assigned to each residential area. The improved accuracy of the land cover delineations 
would also improve the peak discharge estimates for each rainfall :frequency event modeled 
in TR-20. The peak discharge estimates would also be improved for the Johnston and Dallas 
County model scenarios by replacing the common curve number used for 1-acre residential 
areas with a variable curve number. 
Curve numbers 
The residential areas outside of the predicted residential growth area of year 2020 
were assigned a common curve number based on the assumption that future residential 
development permits would be given for 1-acre lots. A common curve number was 
designated for future residential development in both the Johnston and Dallas County model 
scenarios. To refine the estimates, the common curve number used for residential 
development would be replaced with variable curve numbers. The variable curve numbers 
would be based on the city of Grimes and city of Johnston's proposed residential 
development densities for the remaining areas of the Little Beaver Creek watershed. The 
curve numbers would "vary" based on the projected development densities for the remaining 
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areas of Little Beaver Creek watershed. The areas defined as restricted would be defined by 
the city of Grimes and city of Johnston and implemented into the proposed residential 
development density alternative. The curve numbers used for the Johnston model would be 
based on the proposed residential development densities developed by the city of Grimes and 
the city of Johnston. Improving the criteria for selecting curve numbers for future residential 
development will increase the accuracy of the estimated peak discharge for each sub-
watershed. After the estimated peak discharge is calculated, there are several options that 
can be researched to mitigate the overland flow within each sub-watershed. There are 
several worthwhile techniques that can be used to mitigate overland flow including best 
management practices, performance standards, and bioengineering. 
Instrumentation 
The curve numbers used to estimate peak discharges can be refined using aerial 
photos and proposed density ratios. The precipitation in Little Beaver Creek watershed and 
the estimated base flow of Little Beaver Creek itself can also be derived with more accuracy. 
The daily precipitation and base flow discharge can be estimated more accurately. Recording 
the precipitation and base flow volumes allows users to calculate a water budget for the 
watershed. The calculated base flow can be used for the TR-20 hydrologic modeling. The 
TR-20 model will determine the rate of peak discharge based on antecedent moisture and 
estimated base flow conditions. 
The previously mentioned discharge record can be a powerful modeling tool. Historic 
and current discharge records from Beaver Creek can be used to model the effect of 
residential development within Little Beaver Creek watershed. Creating a line graph of the 
long-term discharge patterns of Beaver Creek can show anomalies or increased discharge 
patterns over an extended period of time. The occurrence of residential development within 
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Little Beaver Creek watershed can be compared to the long-term discharge patterns to 
determine whether development itself affected the long-term average discharge of the Beaver 
Creek stream. If there is a sharp increase in recorded discharge during or immediately after a 
significant increase in residential development the development itself may be affecting the 
amount of overland flow reaching the outlet of Little Beaver Creek watershed. 
The monthly stream discharge may also be used to model the effects of stream 
channel alteration. Aerial photographs provided evidence that stream segments of Little 
Beaver Creek were periodically altered during the period 1963 to 1999. The stream segment 
alterations included tiling of stream lengths, developing of waterways by filling stream 
segments, and stream channel removal and relocation. The recorded monthly discharge of 
Beaver Creek can be graphed before and after the significant stream alterations to model 
whether there was a significant change in the average recorded discharge. The limiting 
factors of this model would be the limited availability of aerial photography before 197 5 and 
photo interpretation errors. The inability to "ground truth" the aerial photos would also limit 
the accuracy of the modeling results. 
During the field studies conducted for this research, there was a significant amount of 
time and effort made to become familiar with the terrain of Little Beaver Creek watershed. 
During this research, residents of the City of Grimes asked questions regarding the research 
that took place on and near their properties. Several residents mentioned concerns of high 
water and potential flood damage. I believe there is an opportunity to conduct interviews 
with residents of the City of Grimes near major confluences of Little Beaver Creek regarding 
potential flooding problems and the high water history of the Little Beaver Creek. The 
resident's remarks may provide pertinent information about flooding and stream channel 
conditions. 
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The stream channel conditions of Little Beaver Creek were recorded at each sub-
watershed outlet when obtaining cross-section data. Little Beaver Creek has several stream 
segments where erosion of steep slopes and high banks is occurring. Locating and recording 
the stream channel segments that are being severely impacted by peak discharge flows is an 
opportunity to implement appropriate best management practices. 
Best management practices and performance standards 
The development criteria that was used to model residential suitability for the 
Johnston and Dallas County scenarios are based on the watershed management policies of 
the city of Johnston and the Dallas County Conservation Board. The residential suitability 
modeling results show decision makers and residents the potential effects of their 
management goals and policies. The management policies were developed by the city of 
Johnston rather than by state or county mandates. Prescribed management policies and 
practices have been developed for watersheds based on Best Management Practices (BMPs ). 
Best management practices are essentially a "cook-book" of 
watershed mitigation techniques including riparian buffer strips and fertilizer application 
restrictions. 
There are several watershed management programs that have used BMPs to mitigate 
the affects of watershed alteration. The use ofBMPs has primarily been used to manage 
watersheds in excess of 50 square miles. However, the use of particular BMPs would be 
applicable for the Little Beaver Creek watershed, even though its area is less than 50 square 
miles. The integration of BMPs and established management policies in the Little Beaver 
Creek watershed would benefit farmers as well as the local residents of Grimes and the city 
of Johnston. 
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Establishing performance standards in the Little Beaver Creek would also enhance 
the ecological health of the watershed. Performance standards differ from BMPs because of 
the mitigation techniques that are available to land managers. Setting performance standards 
for water quality and overland flow provides a goal for land managers within a watershed. 
The goal is to meet the standards the most efficient and effective way possible. Establishing 
performance standards allows land managers to choose and alter mitigation techniques that 
they believe will meet the performance standards for that particular watershed. For example, 
if performance standards were developed for the previously mentioned goals of enhanced 
water quality and reduced overland flow, the city of Johnston may use the following 
mitigation techniques to meet those standards: 
• Detentions pond to mitigate overland flow from point source 
• Vegetation filter strips 
• Riparian vegetation corridors 
• Bioengineering 
• Wetland mitigation banking of Brenton slough area 
The previously listed mitigation techniques may or may not be listed as BMPs. By 
developing performance standards the city of Johnston is able to choose the mitigation 
techniques that make the most sense for their situation. The performance standards set for 
each watershed will ultimately differ from one to the other. The mitigation techniques used 
in other watersheds may also differ greatly or stay relatively similar. 
The integration of BMPs and performance standards as an integral component of 
large watersheds has consumed a majority of current research endeavors. The use of water 
quantity models for large watershed analysis is an important research tool. Focusing on a 
larger region allows users to determine what effects a smaller sub-watershed may have on the 
regional watershed. The Little Beaver Creek watershed is a sub-watershed of the Beaver 
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Creek watershed. Using the TR-20 hydrologic model to analyze the Beaver Creek watershed 
would provide valuable insight for land mangers within the Beaver Creek and Little Beaver 
Creek watersheds. The impact of changes within the Little Beaver Creek would be placed in 
a larger context. Using the TR-20 modeling results of the Beaver Creek watershed analysis, 
the impact of Little Beaver Creek on the Beaver Creek watershed would be quantified. The 
TR-20 modeling results may or may not show that an upper watershed has a significant 
impact on the peak discharge of Beaver Creek in comparison to the Little Beaver Creek. 
Using the TR-20 hydrologic model to make a regional comparison may provide significant 
insight into the ramifications of altering Little Beaver Creek watershed. 
The alteration of Little Beaver Creek is an ongoing process. The changes within the 
Little Beaver Creek watershed remains a concern for the Iowa Army National Guard at Camp 
Dodge and the residents of the Johnston and city of Grimes area. Using the development 
approaches and management policies of the cities of Grimes, Johnston, and Dallas County 
Conservation Board to develop the model scenarios was a starting point. Using the TR-20 
software to model the four land treatment scenarios provides useful insight into the 
sensibility of the aforementioned approaches and policies. This research has been completed 
as an initial step towards developing an appropriate development approach to ensure the 
future health of the Little Beaver Creek watershed. 
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APPENDIX 1. LITTLE BEA VER CREEK WATERSHED LAND COVER 
Legend- 1963 Land cover 
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APPENDIX 2. ACCOMPANYING CD-ROM AND RELEVANT INFORMATION 
System requirements for computer disks:IBM PC or 100% compatibles; Windows 3 .1 or 
higher; hard disk (1 GB minimum; 16 MG RAM. 
CD-ROM contains Adobe Acrobat program and several data files discussed in the text. 
* = Multiple files 
File: APPENDIX2-l.PDF Little Beaver Creek watershed 
File: APPENDIX2-2.PDF Little Beaver Creek land cover 
File: APPENDIX2-3 .PDF City of Johnston current zoning 
File: APPENDIX2-4.PDF City of Johnston proposed zoning plan 
File: APPENDIX2-5.PDF City of Grimes aerial growth photos 
File: APPENDIX2-6*.PDF SCS linear regression analysis 
File: APPENDIX2-7 .PDF City of Johnston prescriptive modeling form 
File: APPENDIX2-8.PDF City of Grimes growth of urban areas 
File: APPENDIX2-9.PDF TR-55 CSD cross section calculations 
File: APPENDIX2-1 O* .PDF TR-55 CSD cross sections 
File: APPENDIX2-11PDF GLO curve number calculations 
File: APPENDIX2-12.PDF GLO TR-55 time of concentration calculations 
File: APPENDIX2-13.PDF Straight row cropping TR-55 curve number calculations 
File: APPENDIX2-14.PDF Straight row cropping TR-55 time of concentration calculations 
File: APPENDIX2-15.PDF Residential development TR-55 curve number calculations 
File: APPENDIX2-16.PDF Residential development TR-55 time of concentration 
calculations 
File: APPENDIX2-17.PDF Initial straight row cropping TR-20 input 
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File: APPENDIX2-l 8.PDF Initial straight row cropping diagram 
File: APPENDIX2-19.PDF Initial straight row cropping TR-20 results 
File: APPENDIX2-20.PDF Calibrated straight row cropping TR-20 input 
File: APPENDIX2-2 l .PDF Calibrated straight row cropping diagram 
File: APPENDIX2-22* .PDF Leica TR-20 channel cross sections 
File: APPENDIX2-23 .PDF Calibrated straight row cropping output 
File: APPENDIX2-24* .PDF Leica TR-20 cross section calculations 
File: APPENDIX2-25.PDF Leica TR-20 structure cross sections 
File: APPENDIX2-26.PDF Leica TR-20 structure cross section calculations 
File: APPENDIX2-27.PDF Final GLO TR-20 input 
File: APPENDIX2-28.PDF Final GLO TR-20 diagram 
File: APPENDIX2-29.PDF Final predicted land cover TR-20 input 
File: APPENDIX2-30.PDF Final predicted land cover TR-20 diagram 
File: APPENDIX2-31 * .PDF Final predicted land cover curve number calculations 
File: APPENDIX2-32.PDF Final City of Johnston land cover TR-20 input 
File: APPENDIX2-33.PDF Final City of Johnston land cover TR-20 diagram 
File: APPENDIX2-34.PDF Final City of Johnston land cover curve number calculations 
File: APPENDIX2-35.PDF Final Dallas County land cover TR-20 input 
File: APPENDIX2-36.PDF Final Dallas County land cover TR-20 diagram 
File: APPENDIX2-3 7 .PDF Final Dallas County land cover curve number calculations 
File: APPENDIX2-38.PDF TR-55 calculation graphs 
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File: APPENDIX2-39.PDF Final GLO TR-20 output 
File: APPENDIX2-40.PDF Final predicted land cover TR-20 output 
File: APPENDIX2-4 l.PDF Final City of Johnston land cover TR-20 output 
File: APPENDIX2-42.PDF Final Dallas County land cover TR-20 output 
File: APPENDIX2-43.PDF TR-20 results hydraulic/hydrologic comparison 
File: APPENDIX2-44.PDF TR-20 scenario model hydrographs 
File: APPENDIX2-45.PDF Tips and tricks in modeling procedures 
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